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_.11-I'llOI) O1 F.%N _()I,NI} MOI)I. Nl'l{li{'llil{I. IH I IrMIN _IION
t'OMl'll I I_1{I'I{OGI{:_,I II._I.I{'N MANli _1

MI{'I{OPIIONI. I O(. _1 ION I'I{O¢;I{AM

by

G. I.. I_b.'kL,tl. I{.. %1__,lls ;llid I{. -'_ I ,I,.t,

I.{| ._| IM _,I.%R'Y

Ihi:, L'LHlit_IlI_'I" ll_,_'l "s II1[11111;ll dl'sL'rlbCs Ih¢ e'_l_[H;lliIHI ;Itld lll_" Cnn¢lllHl I'_',t|llle's [_f Ih¢ _|i_1_

I_IIolIL" I O_.'JIiLHI ]_l'_tl'[IIl_. Ol|k' Of Ih'.' I_._,_ I_l'ot_I';lllls d_.",'¢h'g_.',.] Ilt_d_'r the' M,.'lhod _1" I:;111

_'_ulhl ,_lod¢ ._|l'[l_.'lllt'¢ I_'L'l¢l"lilit_[lli_l_ PI'oI_.I';IIII.._IA._._-._(|0.j _. .leHlI|l_. Ih'." I','.O I_l'ot_.l';llt_n :ll'k"

_lsCd to d¢I,.'lliltlt_.' Ih_' ,.'.,)l|k'l_.'lt| IIlod,ll ._(lll_.'l[ll_.' ill [IIHI{II;il-_¢_IIl,.'[ll,.'s. I'h¢ I_LIl'l_o_¢ o1' Ihe'

Mi_'lopholl¢ I o¢;1li[.111 I_lo_,.l';IIII is Io d¢l_'lmill_' miCrt_pholl¢ Io_'.llioll:_ Ih;l! ¢llnltl_" ;l_'k'ltl';l|k"

_llld _,l:ll'q._" 1¢_4111s floll! Ih¢ _.'_|_l_llioll s_ _;1_'1_ II_¢d Io _';l_c_ll;ll_. • IIIoddl slILI_.'IIII'.2s ill th,.' .5_.'¢ond

o1 Ih_' I','._', I_lo_tl;lllt_,. As I_;111 o1" th,-" _'OIHI_III;IIjL'_I_;II I_lo_'_'dlll_" Iot Ih'.' mi_.'l,._pll_IP." I ,._..'[lliol_

]'_l_t_l;IIII. ;I Iilsl-OIdL'l II|¢_IsIIIL" L)]" the." st_ll'qlil_ Of th'.' e'_lll;lli_il n_ nk'lll is illdi_,lk'd b', ;I I_l:l|-

I'i\ "..',,_lldili_nht!_. "' IIIIIIIh_.'I.

2.11 IN I'I{(.)IH W HON

,_",', I',111dc'4_tl_s Io1 tl]odqllt hi:,th I'_ I':;_ss I;lli_ _'_111111¢1_'i;11.21|_lt),.'s I1|111/_' I_hkle'-'_.ltlL' il||L'l"

;Ik'li_HI Ih_.'ol'_ I_'_ Ih¢ '.'\l_.'tll I_ossibl..' tol ,.'e_llllollitt!_ the" Iq'ol_;l_'.;lli_ll ot" h_l_.'t._Lgio!t tt_H'_" (.'tll'-

ICt_ll_. this Ih¢ol'_ d_'litlCn the" I_lo_l_'s Ih;ll ,.';Ill I_l'_'_l_;l!_;Ih", bill h.ls I_ol beet1 ',_¢',_.'lolwd to llw

'.'\|'.'tll Ih;ll il _.';Itl I_.']j;ll'q_ plCdi_:t Ih¢ sll'_.'llltlhs _'d"II1¢ IHo(_;l!';llln)_ IllL_LI,.'s.

I;Itl Ih_'r ttoin_' Ik'dll_'li_ll ¢_Hlhl b_' ;l¢lli_",_'d il II1_' IHol_;t!tJlill_, IIIod;ll s(lll_.'llll_' _,_...'l,.' _111;111(i

Ii_'d. ()lt¢_' Ih_' IIIod_ll sIILI_.'IIII,." ",_._'1_."dL'llllCd. ;111;111;11_,li_';ll '.', slL'lll Iol ;I,.'Ollsli,." II_.'flllll¢lll d_.'-

si!tll '.'Otlhl I'_,.' llllljz'_'d |o oplillli/_" tt¢;llt_l_'tll I'of ;I !:i_._'l| tllod.II slIIILIIII¢. (O I_lod|l_'¢ I|1o1_.'

¢1"1"i¢i¢111 _,_'h¢lllCs hI ;Iddlti_)lt. Ih_" IIIod;ll _|llt_'llll,.' _'_uhl b,.' _'nllqo_..'d to ',¢1i1"_, d_.',._'lol'_in_ [

Ih,.'oriCs Of Idll noi,,,.' b_'ll_'l'illi(._ll. I'O Pr_',idL' lIfts _'_q_lbilit_, I,:, IIp.':III_, Of tlll'.l?',tll_'d '.lJt;I. the
M¢lhod of I;;111 ._oltl_d M_d¢ ._llll_'llllk' I)_'I¢IIHilI;I|ilHI i_lo!tl,llll (1_._._._ ._1.)[.).1_) _,_..1_lllld_.'ll_lk¢ll.

Ill_' IIl_'lh_}_] ',sould b¢ ulili/..'d IIlllil ,I ',,llid ];11| Ilois_" !t'.'ll_'l,lllotl lllt_.lL'l oll .I mod;ll I',m,i'., b¢-

,.'_lll_:s _1"_;lil;Ibl,.'.

I'h_" |llCtH') HIIoll v, hich I',111nlHIIllill)t mode' II1_'O1_ is lolllld_'d '_'.';In I_lCn_'lHCd I1! I_}(_1 b_. I )I_'1

• llld ,_Ol'lill (I_.'1 I I. t_llo_ irk.'!L'\I_'II'_I_._" .Indl'_ h ".ll .llld _'\l_'lilllk'tll.lI _.hl..hc'. I .Ik'l.._',ll'flll .tied

_l_'('.ltlit (1_'1 ._J d_'l'i'._'d Ih_" .}'_'tl{'iJI ItH'il! o1" ;I _'_h_'h't)l ;t_ _ll',ll_" ',_.,I',L" tit JII il_l'iilib.'l', IOIt!'. _'_,.

IIIIdll_.lldlt_'l _-_hi_'il¢\l_'tld_'d II1_' 1i_¢ol _, I_ltl_'iHd¢_'tl'_'¢l',_q .t\lJil'i_', _, lili',¢qLi;lli_Hl_'\ I

,llld I_h,l'_k ' ()11 Ih_' IHtIPd)!,llit_)t IIIod,.'s _'_HIIIH I_ill)! Ih_' _.OHIId ti_'lel I h£',¢ I1111_.'1\ _'_ll_'l_'fll _1)?-

_',_'t,tll M!'II.II b:, t'lth_lll_'l'lll_'lll II'_.'hlH_llk'_, Jd,llq_'d Jl I'l.lll _: _ Ilillt_"_ _lhlJl( II1_' ,Id_..lll
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Ihqh lilt' JIl.ll_ II,-',lI t'_l_h",',itlzl d£11_L'd I'_H ,I t!¢ll,'('dl _'_1h¢1_.'111+h'LIIl',,llU _,_,1'_¢ ,I;Id ,I _l!!lldl _'FI,

h_lll_Mlll¢lll h'_'hllhlU,' hHIII Ih¢ bd',i_, I'tll" d¢','eh_lqn !, ;I IH¢lh_d I_ _1¢1¢1111i11_'I;111 _L_lllld lily,de

:',i111¢1H1¢'_.I hu IIl¢lll_d, ill pl'lll_'ll_lt'. I', _',lp_lb['.' t_l'd'.'l¢llllJllill|_ II1_' aIIIpli|Hd_,' .llld ph;l_¢ _1'

.dl IIl¢_d','n Ih,d L'dll IHLIt_d!!,lh ' ,ll +1I!I'_L'II I'It'_tlIL'I|V _ . Ill IH'_IL'Ih'¢. Ih_' IIHl|lb'.'l i_l" Ilh_d_+'_. Ihd( _'_11|

be d¢lt'llllilt_'d Is IillltlCd b% file s[ol_l!!_' ¢[IP,l_'ll_ _llld Ihv IIIIIl|lll.q [illl_. _ Of the' ¢_+11111I£h'1 ,lltd b_

II1_%1N111'.'111_'1|1,lltd IO_',IIILHI ,l_.'_'llhl¢_,

I he tl_'llt_d Iol d_'l_'t'lllillill!_ I.111 nt'_lllld II)od,.' sIILI¢IIII¢ tl'_'l. -|) h'elllil¢n I_,',0 _'_1111_111','1I_l'tl

Ihis I!s_'l's M,tliu,ll d,.'s_'llb_.'s Ih_" MI I': Ih'.' Mt'P i_; I_l,.'n_'nl'.'d ill :1 Ctq|ll_lHi,._ll M,IIIII;II

Ih,." I_|1 I_ ld¢lltili¢_, IIIWltll_lloll¢ IO_'_lliOt|_ ill Ih¢ dllt'l I'1,'_1111,.'[I._411'i1_._• :l¢_llnli¢ PlCsnlll¢_ Io1 ill-

Iqll tO t]l_" M{.'I _ Ih[ll _ill illslll%' :1 xtLmt¢rivMl.', ',t:lbl_." st_hlljoll. I'h¢ _1('1 _'¢[llCtll_ltCs IIIod;ll

_tlll_.'tLIl'¢_ I1_1111_lL*_)llsli,." I'H¢s_III'L' 11|'2:1_111_.'111¢111._:llld ¢_li¢lll_llCs t'O¢l'l'i¢i¢llls lh_ll '.'_111_)'.' II_L'd

to d_'lCrlt|ilt_" Ihl' s¢llsitiVit,, ,.',1"fhe II|L'_.I_II '.'_l]'.'lll_llit_ll |q'O_'¢'.ltll'¢ 1_,_I'il'.";t.Ol'd¢l '.'1rol's ill [l¢oll_li¢

Pl'_.'s.';lll+__ I1_¢[1_;111'_'111¢111_[lltd Illi¢1o1_h_11¢ r_i[l_..¢ltl¢n|,

111the l't}lh+x'+ilt_ S¢¢IiI++IIS, II1¢ ;ll_t+rillllll l_.'q. llli¢lt+|+!10ll_' lo¢_Itit'+ll :ll|d lh¢ I+lO_l;lnl ['I¢ll|t'lil._

_Ilch ;is +_l+iI+lt+lllil1¢+_. l'tll1¢liOll,ll _'It'tti¢llt,_, :lZld i+rin¢ip;il t'l_+'in¢nl iittcz'r¢l+ition._Itil+S ;+t¢ dis

CilS,_¢d...'_ dcs¢l'ilqiOu t+l' the ilIpUl I+:iI:IIIIP!L'FS iS illchldet[, l:he Oll11+tlt l't_+£11!_Itis _llst+ d¢_ulibed

;111+.1ilhlstl'+lled I+._ ;I s;11111+1¢¢;1s¢ I:ill+llly, +1lislill!t ol" the I+l-+.+_l;lln ¢_t1¢ is i+lo,,idcd iu Al+pendi\
I_.

.+l.II PI,tO<.+I,t.XMI)I,'S(.'IIII'I'ION

J. 1 .._L,<.+OI(IHIM

I'h¢ Mi¢loph_+t+¢ I _+¢,11i_+11I+lO!tl';llll IS ;lit al)',olilhtlt x+hich s_,sleul;tti¢;tll_, dctel'lttiltes IIti¢lo
|_hon¢ Ioc;llit_lln Ih:lt salisl'_, Ihr_'¢ cril¢l+i;I

I ) l'he lIliltII'_¢l" or _clected lO¢_llit+qts Cqtl_lls the till|lilt'let" Of tll_,l+',let+++.

)1 l'h¢ s¢le¢lcd lo¢,tliotl5 ttta\ittti/¢ the detct+ulitt_tttt _l,_so¢i,ttcd with ;ul cgu;it(o_,.

S)'Sl¢lll I.rel +, '11 ch;ll:tctel'i/¢d by pelttlPl+itt!t !',tip Ioc;ttiotl x_,hit¢ the i+Fex it++Lls
h+calit+ns ++11¢t'lk'.'d.

,_'_ I'h+' IO¢_llitms :11"¢rcstlictcd It+ the dti¢t x_,;lllutttil tile sp¢¢it'i¢ tLlodcs I+¢¢_lIw
I_l';l¢li¢[lllx hldislilltluL_habl¢ Illctt radial I_1"o|_¢ Io¢;Itiolls :.11¢ tl._,.'d.

Flit' |+lOt'+.'+,hll_" I'L_I sel¢¢litll t Ih¢ Itll¢lol+holt_.' Iocatit_llS was dcx¢loped tlsittt: botll ;I stoicllio-

IIIt'lli¢ _+¢al¢h |H't+c_'dtll¢ ,lltd .I Ilti_+ltil;llOlt¢ ;ICCk'|+|dllC¢ pt'_.+CCdLII¢. ()tlt|+tlt |l'.lltl IllcS¢ I_lO

¢¢tlul'¢S ;ll't' lilt' IIti¢lt_lqlont' It_¢;lliolls III;11 I+lO',id¢ _1¢_.'t11;11¢;Lltd st_lbl¢ t+._+ltltiolls ,,.vh¢lt tl+.ill+t

Ill;Itli++++ IIt_,t'tMott 1¢_ hllltlUet_. Ihis |+lO¢¢dtll'_. is d¢_,¢ltbed ill I¢1.+'1¢11¢_.+ .| ',+,ith I¢+..p¢¢t to the

o+_+.'ldll I+_lO!+.l.llll obi¢cli+._ ',_ ._ dCS¢l'il_tlOll of the i+lo,l_l+llil ++llt'.otitltltl I'. plo++ided Iwlt+'+x.

lh_" Ill|lilt tO lll_' I+IO}_l,Illl _'OIISISl_+ Ol tile sotllld field ill tile dtlct ¢Olll|_ll,qll+t _ :l_.O_i_+|l+,

duct triodes, llt¢ +',_'oIll_'tli_' I+,tlktIlt_'t¢I ", I_, +_t.. dllc| I,Idilln+ hill+ tip 1,1;+_+,Ilx_' Iu_I p,ll,lllwI_'ls
i'-' .t+.. lI_.'tlllL.'ll_ _ . ,I_'I,ll Xl,l.,'h il_IIltb_'!. _.}_k'¢.,l t'+I"_+.,,+utv.lk.lw,t ._t,.'.+_w,+_I+l Ih¢ ,,tu,.-I ,,'.h,.'1,.'m1,,IJ, ',

ql.,'.tv.',, ,..ttl bc itl,I.,-..'.,t X_+lllx ,_ l.,'I,,'I.,'II,+',,' !Iu,,'1,,',|qloIV,' lo.,.tltJ,'gl '+.p,,',,Hl,,'d ',+It tI1_' litter v,,lll. II_+ •
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N II_Lld¢_ ,il+._ II1','11 tHd¢l,,'d :`rich Ih,lt till' ¢il¢tllllf','lL'llti_ll Ill_lLle itld;¢¢ "_dl_,' _lll,lnJ'L'd Lil)',t'NI (t_

MIhlltcnl _llld lilt' eL_lle,,ll_ndill}', Iildl_ll indi,'ie_ .11"¢LHd¢led fl_HII _dl)_enl |_) _tlhl]l¢_l '._.+lilts ¢[l_'h

¢ilL'tlllll'_'lL'llli,ll Illetd¢ Illd¢\

Ih¢ tlH,'tol_iltHl¢ It_c,Ltitm I_ttl¢¢dLIte in iitili_tlt'd I_ itl|It_dtl,'iII}', bolh till' I'il'S] illl_dC til Ih¢

site,tl'ied_,IId¢I,Itldthe_IbO',¢t¢l'clt'lle¢llli¢(t'mllhtlll,,'iot';lliOllillll_theeq|l,llion_ s(','lll

lhe :,¢_-_ntllllOde 111ttl',"sequ_,'ll|J_llOld,,'l"is lht,n iltlltldll¢¢dllllOlilt't'gtlilliOlls)slelll;llldthe

¢t_lr¢_l_Otldlll__¢¢OlId lo_';itiOllISd¢l¢l'lllill¢_tlsillp;Istt+¢ho:`tl¢seJl¢h plt_¢t'tlllle.Hit:`l_it_

¢edllle s_'l¢¢ts;I1o¢_llion theftlll_l\ilHJlestilt'_ll+:`t_llllelll_It_.lll!|Id¢01"lhe d¢lellllill_int3sst_¢l:lled

v,Jillthe i,.'sultint'.._X _ 111;lllIXt'gm_tic,n system, l'h,,"s,.'It'_.'l¢,,llo,,';lllt',l)is,,;blained I_,_;Ill_(¢r;i-

tix¢ plo¢e,_, illthe t_o ¢t_Ol'_.hn;It_.'_(,_,tl'lOll the thlel wall Ll_il1_l;ll)d¢)llli%tLellel';tled_O¢[Itioll:`

ill lh¢ l'¢tLit'+ll +_,h¢I'¢ llli,'l't+l+ht+ll¢:` ¢+lll he l+l_l¢¢tl,

I'h¢ flrsl ;Lt lenIpt ltellel:l|e:` nli_'l'Ol+llOlle ++'tit+ldin;ll¢S l'loln _I (+_lllS:`i+lll tlisllii+lltJon eh_ll+_l'.'l¢l+led

I+_, +1me;Ill _tl lilt' iniddle o1 tile :`e;ir¢h i+,.'t+.il,+n_,_,ith +1:`l+llld;lld de _,i_ltit+n eqmfl It+ h_df Ihe len-

t_th tel" tilt' :`e+ll'¢h i'eglt+l| I;i'se htlndted ¢_mdidate tlli¢lol+holl¢ Itl¢:lliOllS ;lle _.'.¢llel;Ited xvitlfin

tlli:` I-e_lOll. ;Ind the ¢tHl+eSl+ondin_. t delellllillllnl Of tile etltl;lllt'+tl :`,',.+,leln i:` ¢_ll¢ill+lted. (]lll_, lilt'

Ihilt_, nli¢lt+l_holle Io¢;Itit+lt:` th;it yield tile I;ll'ttesl Ill+l_nitllde t+l lile d¢lellllill;Inl ;llld tile x+lltle
01" tilt' d¢lertltin;lllt ;ire ret;lilted, file IIl¢_lll _lll+,l :`t;llld+ltd d¢','i:ltlt,n of Ihes¢ thirty ',;lille:, ;lle

t';ll, Ilhtt'd .llld till'It llSetl [0 Ie:`lli¢t tilt' II¢_.t ;llt_'lttl+t to del¢llllille ;I Stl[|_ll;le IO¢+lliOll.

i-'l',e htlltdFed illi¢lO[+htlll¢ lt+¢+lllOllS dl¢ iio', +, I_lltdtHlll_ |'.eller3led for [i se_.'olld (inle. I+tlt eol-

le:`[+Olt,.illl{t Io tile lie'+++• :`t_ltl:`ll¢,li illtOtllt_ltlOll. Ihis I+l+,+¢e+:` o1" I¢defilllll!t the .nt;tti:`tie+ll I+[11;I-

ille(¢ln ,lilt[ I,llldt_lllix i',¢llel_ltill+ t tl',e htlltdled IO¢;lllOll_ i:` tt+lltilltled iIIttil lilt" I;llltLe Of till"

thill_+ _,dtle_, ct+t tC',l+Olldllll: It+ ¢_lk'h lnlelopilt+lle ¢tlOld+ll;_t¢ II;I:` ¢OllX ert:¢d t,.i "+villlill ;l :`leecH+led

|olt'l;lll_C t'_l lltlll] til't_, + itel'_l|iOll:` if+IXe been ¢olnl+leted

,&l till', time. lhe :`el¢¢led llll¢lOl_ht+ne h+¢;Itit',n +,xlli_'ll eOllemlSOlltlm It+ file l+ll'l'.esl x'+lhl¢ tel"

lilt' del¢lmill_lll( ¢:li¢ui:_led l+ItHll tll¢ I'¢:`tlltilltt _ _ _ lll+lILi'_ etltl_llitllt :`_ :`telll is ¢\+llllin¢d

b_, the llll¢l'ol+htlllt' it)¢;Itit+ll +let'¢i+l,IIl¢e IHO¢¢tltll",'. .'_ ¢t+lldilitHliIlt +.lltllllI+el + fret'. _) is _+ll¢u-
letted ,is the ll[Ititl it|" tilt" e%ll¢llle ¢ll_.t'n v[illl¢:` +is:`o¢i+lled with lilt' etltl[it+Oll s),',:`telll, l'h,."¢,m+

dlllOiHlltt llUlllI+el +:` ;l l'il':`t-t+ld¢l me;imllle of tile :`¢nslti'+'it++ tel tile Cliff[lilt+It +_,':`t¢lll ill SIll:Ill

i_¢illllI++Itit+n_ ill llli¢lt)pilOll¢ Io¢_ll+on of l+le:`:`lll¢ llle_l:`Ulelll¢lll It life ¢tlndiliOllilll,. lllllllbel

]_, les:` thrill tel eqll;ll It+ ;I :`p¢¢il'ied x+llue re.,, t'_lte illllldl_'d), "¢+hieh is ll;l+_llt |_'+ the l_lt+ttl:llll.

tilt'It lilt' etllhllit+ll s_ SI¢Ill is constrictell It+ be xxell t't'+lldlliOlled III +1 ttl_llhelll+lli_'_ll s+'n:`e. Ill

tills t'+l:`t', lilt* llli¢lOl+holl¢ lo¢+llit_ll +:` ,l¢¢¢pt+Ibl¢, _Ind llne (hlld mode ill tilt* t)Idelt'd seqtlell¢¢

I:` lllllotitleed ill the le:`llltlllt! ._ _ .| etlthltl,+ll m),:`|etll, I'he sloi¢ll+t+lll¢llic Se+ll¢il plt_¢¢dllle +:`

then inlll,ll_ d It+ h+¢+ll¢;I th+ld Illi¢lt',l_hOlle tell lilt' +,lllet wall. II:`lllt_ +1t'_++oI'_ll+llllel¢l t%_,t I)

:`_',11eh I+1oct'dill e.

++++'ltel+the ¢_+tltllllOlllll)! IIIIIIIl+el is _'1¢,1t¢1 Ih+lll tile :`l+e¢ilied '+,lhz¢, tx+,t+ pt_ssibilitie:` e_,isl Ill

lilt' lll'+l l+t_',sll+illl_,, lilt' ',t*+_ ht_sllt" '+e_lh'il IHt+¢ethll¢ is leHl_,|,Itetl to t+bl,IHl ,I Sllil,lbl¢ llti¢lO

l,lh,ll, Io,'.Hlt+il Oil +i l.Ith.II l'lOb¢ I hi:` l+lot'etillle IP,¢ _, +I tx'+o l+,ll+llll¢lel tl, /11"++¢.ll'.h. ,l:`:`tlllllllt_

., i,ldHl l+Iol,e ,It lhc lllllhe',l Iot,ItltHl ll_+lll 111¢ l',lll SXlliIHl file ,l_,l,iI I¢[,IOlI +_Ilb',¢qll¢lll llli¢Itl

l+ll_nt"+ .ile Isi,l¢, d o11 lilt'- ISlt+l,¢ llsIll+t +ItH1e.1+,il,llllt'lel tl t sC,llch tlItlll lilt' _'_+lltillit+llill+! lltlnl

bel _,, +_Ic,llet llh111 lltc si+¢,'lhed x,liue tSl tile lll,l%,lllllllll Ittllllbel _+I IIll_'l_+l+ht+tt¢', ++el left+be I_.

L
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n+IfisliL'tl, hl eilll+'r _'+IK+'.il l'i'+t) l+[ll;llli¢l{+l ' (f, (Ji _;tqll't'h iP;IlStd Io s¢]t+t'l ;111;IJt','l'll;lh ' h+qllit+n

;IP+t_Illllill)_,;I lit'%" radial prt+l+¢. The ,,/¢t.t)iitl l+t+ssihilily in Wllt'll lilt' meltt1+'d illiCl'tq+h(+ne lo+31--

tit+It is Ih¢ lit'st tit I+L'pla¢¢d oil ;I l+I'oh¢, tl+'+,iI|_the a|+tIv¢ two-l+ilPiltll_+'tPl" (I', ,¢J] sPill+i'll, ;Illd the

t.OlIditioninl_ llillilllt'l is slill t_,l't'ilf¢r th+lll III+ +l+e¢il'icd VilIIl_'. hl this ;.asP, lilt' lilt.ilion im lit .+

¢epled ;llld lit) I'llrther init.rol_hones [11¢I+¢l'lllillcd IIII lily I_l'ohe. R;idi;t] pl't)lles ;irt, llsctl It)

loc;+I_., It+detopttt+ix+.,s ft_|" eitli,_' l+<+ssihility Ulttil the iixaxhluim it_ilx+I++.'1'of prt+h,,'s ;I.,;spt,+.'il'it, d

by i11put i,_ r¢at.htd. WIIe11 thi_+ oct'ilrs, ;I riles.sage is oulpi1l to lh¢ efl'¢<'l and 111+.'prograln t,x¢-
_'111io11is l¢rlnin,llL'd,

As ;Ln _IHi011, 111,+'Micl'_+l_hOu¢ I o_';lliOl+ lh'og1"anl also tan lie u,s¢d to ;isstss lhe mtJl;Ibility oI"

;in ¢xisling s¢l of nfi_'l'_>l+lltm¢ It>calions It+ l>l'ovide :+,alisfat.lory inlpllt tl+'il;t It) lll_' Modal ('al-

_+'tll;tlit+l] lq'op.1";mL 1"h_' l+_l¢Vit)ilsly t|isl'tlSs.,.t_ slo_.'hostit, m¢;ll't+'hl'ttot.¢thlr_+" illld at._'¢nMallCe i+i+o-

t.¢dtlr¢ art" llt+_l utilized in lllis opliOll. "l+hc stdt;iI,ilily is am.sessed hy itle;lllS of tilt" X';lltI¢ t+l"life

c_nditioning ntllllbtr calculaled l'ronl the ei#eu valll¢S of" the tquatJOLI SySI¢IIt. If lh¢ ntlnllltr

is less than a spe¢il'ied lex'cl, flip Ctltiation s)',+;lelli is consitl¢l'¢d to I+¢ wen COlldiliOlled i]1 ;i
luathtmatical SellS+.

lixl+_.'ri¢11ce gained from running atmlytiqll test cases has shox+m that a good upper bound Ibr

the c<,+itttili+.+ixh_g ill.if;trier is +,'+i+itht, <++1-de1"<.It"ten. FOl+;hi.'+ .,.'tMlditit++rtiltg Iltw£_|++1'.tit l',';l_I th1-_:e

.sig1+il'icant figur¢s :Ire r¢tai_|ed in the matrix hlv¢rsionalgori111tlI. To ¢xp¢dit¢ 1111.'inlerni¢d-

iat¢ steps of Itx'atinl_ etl_.'h ._uctessix'e mi+.'ml>llon¢, the., vahl¢ that is Jt'tt,4-na]ly initiali]ed at +

,+'x_.'¢utitm of tb¢ prt+gt'am h_ lieu of any hil'mt valu,: ha.'+ |+,¢ei"_¢hos_.n to b+.' I00. This v;lht¢

t';lll hi" alt,..'r,+.'tlby inpttI prior It+ the data cas,+., if 11+1oi',,.' or less a,,.'t.'tti+.i_.'yi._desired, lltiw¢q¢l.

lo ,.,n.sm'¢ stability, the l'in;_l ¢onditiouing ntm+l,,+,r ._lltmld lw al+tml ten.

3.2 I)RO(Ili,Msl OVI_RVIEW

"l'h¢ Ixli+.'rop|lO;l_., I o+.'alitm Pmgrant COlltl+rises .,;ix l+roltral+l sections which art utilized in part

or whole to at.,_'omplish the ohje_'tlves of the tw¢+ pu,,;sibl¢ illod.2s t_l" opet'ation. These six s_'_.'-
f ions ;Irk":

| I hqmt - The il_pUt t+l" +_lIdata is hy the N,,_MI{I IST sl+e_+ifk'_ttio_, tutti the+,i++t¢mal pata-

nl_+q+..lSart' initializ¢d fro" I_l-o_ralll ¢xct.uljt+n.

• • ?, ',',
_ { _t; I _'t_" " _[l_" Nt I] _[ I { _ _'ttl; tl_) _ + I+ll_ " +.'hal';ltfefistit" 1111|111+¢1"_,k I ;tlld (._ I,U ;|1¢#

¢;llcul;Itttl II.';illlt flit' l+l'OCt'tlure ill Al+l+elldix A,

.+) MiCl'Ol)hol|¢ |.ot._llit+ll l)¢f_.'IInlilttltion All ilcraliv¢ i+l'Occthll't ' in d++'lill¢d IOl sttt'q'ssi,,'elv

It)calillft each Iilicrol_hon¢. l'h¢ algoritllnl d¢t++'rlllill¢+ Iot'aliOllS Ill;If IlIJ_illli/¢ Ih¢ tl¢-

It'l'ntill;llll of till Ctllltllion s)Mcnl t'h+tl+at.h.'l'iz¢d I+.x i_t,l-ltll'l+Jllg one It+calit)ll while Ihe

i+l¢Vious Iot.;llioll+ ;llt' I'ix¢tl. "l'lli,+ proccdur¢ was tl¢scribed ill ,_¢t.tion ;I, I.

,|1 ('t+lltliliollilte Nllltll+t'l+ {'_llt'lll_lliOll - /'_ _+'t_lltliliOllill_! iltllllll¢l frel. 51 i', t'alt'tllalctl I_l Iht'

;It'Oll_;lit" W;l*+'t'¢qll;IliOll lll;lll'iX ;ll'f¢l +tlql¢rlllin;lliol| ,_I"¢ilt'h lllit.lt_l+]lOl+¢ It+c;llit+ll. -I'ht'

_.'Ol_tlitimfint', I+uml+cl is d¢fh+etl It+ b¢ th¢ l,Mio td thc tXll'¢111t" ¢ig¢n V;llllt, S td the nl;itti'_.

_1 Mi¢lol_h_ll¢ i t_..illioll _ct.¢l_l;int't, _t¢t'¢l_t;illt'¢ o1;i iilit.lol_ll_+!lt. It_t.alio11 in hdsttl t_ll Ih¢

Itla!!11ilud¢ oi" lh¢ t'tmdili Illillg llIllllbt'l. | h¢ It+t.alioll pl¢Itt'd111t' in h'ill,d:tlt't] '¢,11t'+Ililt'

+4
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_+_llldjliOllj111! IIt1111b¢1 is )+J'¢;ll¢l" Ih_ll! _1_'l'il'+ Hllln nP¢cifiCd a_,h_pul. A ','_lhl¢ LII" Ill(I jn jll-

I¢l'llallx htjlialj/¢d jr" ;t '._llll'+' js tlt'_l nlq_plj¢d by file u++¢r..& d¢t+ci jIll jIll1 _+l" th+.' I_|jt'l'tq"ll_)ll¢

:l_'t'_'l_l;tl|_'q IH+d+t'_.'dlll'¢ "¢+'[1",I'+l".'n','lllCd ill _¢k'(iOII .(. I.

t_l I)ulpul _All I¢:-,uhn calculale,.I I_, Ih¢ l'_r,,_!_Hm_11'_.'i'umled.

I I1¢ tlll¢l"l¢l;llioll_hil_, b¢l'e+¢¢lt file .six _'qo!l.FHIl| ",¢t'ljl'qls [llld IhCji lllilit.', I't',r .,'at*h ol',Ib+lll In

ilhu..h,ll,,'d ill Fi!:ur¢ I. As {hI,Ill. b+._lh e+l',liolln r¢',ltljr¢ a sl_,'cilic mode ,_l+._ul'..h_l¢l _l.'Olll!.'ll'_.'.

_llld h'Sl Ct)llllilJl)l) ll) _';ll¢11J;ll¢ !,'hilli)t'l¢l*J_lJ!.' 1)llil)l'_¢rs. ()11¢ _'_l_lJoil. A, )'t'_]llJl¢s ;)ddJlJ_ll;ll

illptll ill Ih¢ I',._rH_ ol" sl,**_,+'h;IslJu"S¢;ll'L'h I_lt;tlH¢l¢l':', Io _'_ollt_d II_¢ l'.t*,,)11P.'lt_ '.','here liiJ,.'l',._l'_hol|¢

It',..:aljons ¢a1_ 1_¢ I',[a...+ed. Addjlj¢,1_all_.. t+l+ljoll :'_ ex:HIlines |11¢ colldHjollji'lp Ilull)b¢l lo deler-

mit_¢ _ helhet the etlLl_llit_ll s+x,sI¢lll associalCd ,,vjlh Ihe jttll'odtl¢ljotl of e_l¢l! _U¢¢essiV¢ IIIod¢-

IHjt'l'ol+,l|,._ll¢ I,:_¢alj,.',ri is _ell condilit+m¢,.I jt) a ItlalhCMalj¢al s¢11:,.¢. I'h¢ _thCr ol'_ljoll I_, I'¢qtljr¢s

(Ital lh¢ lltiCrol+llOlt¢ lo_+;lliOIls be specified +is Jill)Ill ¢Jlllcr +l¢'I)ill+itJI.x or +is ;l s¢l +,+l't'xiSlJll_

lo¢;llJollS. 111 t+otI+ oi+lJOllm, the +Ol1++lJlJt111Jl1_ 11111111+¢I"iS ¢+l_¢tlI_lt¢d I'OF lh¢ ;Ik't'JklStJc WH_,'¢ ¢++ltt[l-

IjOII +)'sl','m. I'him ntmtbCr is tlljlj,'ed b_, Ihe computer I+t'Oltl';llt! ill t+Pliot+ A It+ ',_¢l¢l'lltjtl¢ whelhCr
t';l+.'Jl iilJ++'rt+l'_holt¢ ]t+e'_llJt+11 Js _l','+.'+.'l+,l;Ib]+.• I't+l" [l+.'qllJiJl)+: _,"_l',+'rJlllt'111+ll t];ll;I, (')l'+l+',H1 1( Stlpl_.lJ¢s

IhJs '. aht¢ to lh¢ tls¢r It', ¢'.ahiat...' art _.'_Jsli11+t s,.'t ,.+1 I¢,_+';+tJt+hs. I'h¢ rcsulls Ir,am both +,+l++li,,'u'_s

are l+l+Jnted b_, lh¢ t+llII+tll section.

?,.3 I'I,t.O(.+I_,AM SLIIH(OL]'I'INI:S AND I:tlN("I'ION._ IH:._('I{II'I'ION

l'h¢ stlbroulh+_es +111d Illlt_.'lJOllS tlS¢tl ill lhe sJ\ I+lO_l':Itll s¢_+'lJotlx I+l¢S¢llh.'d J11 S¢¢lion .++.+' :II¢

lJsl¢d bch+w, l'h¢ I+tl1I_OS¢ of ¢ach stlbrotlt111¢ OF l't111¢lJOlt Js de_,c1ibcd. Also. as ai+l+rOl+l'J_ll¢,

+l I+l'jll£Jl+l,, ' ¢1¢111,,'111dJ:lJ-'l'illl) _+l+ lhe n+ore _'t+llll+lJ+.'_ll¢_.l s¢¢lJOllS ;Jl¢ I+l,.'s¢lll'.'d +llltl tlJs++'ll_,s¢tl,

I nt'_tl I ._+.'L"I Jotl

I he Jl|l_tll O1 dala to Ih¢ coIItl_tll¢l plO!'.l;Hll JS I+) the NAMFI IS I" I+ol+lltill. I'his I'Ol'ln of Jll-

pill is descril+ed Ill S+.'_'lit}ll ._.'I. 1. +lll'.l lit't" set I>)" +l_¢Cil'yJll_ I+t>lh lilt' inl+Ul vali_lhle I1[1111_."+llld

, its '.[lltl_'. III ,_¢_'tJolt 3.4.2, Ih¢t'¢ Js _1lislin._ _.+1"lhe Jtll+Ul _aLJahle nam¢s with a _'t+l're:,+,lv,Hl,+lJll _

tlcs_'l-Jl+lJt'+ll of lh¢Jl+ l+tlt'l'_t++._¢I't+l' ol+¢l+llJon of Ih¢ ¢Olllptllcr iHo._1-[1111. .,_ll Jlll+tl| tlr¢ i,.,[1_.1JlllO

Ih¢ I,ro,_tram I_, Ih¢ I't_llowJn? mlblOtflin¢:

INI'U I" - ['[lJ:+ stlbrOtllJlt¢ Jlll+til_ tlala I'ot ¢a_'h fame ;llld s¢ls tip Ih¢ ii¢c+'._Saly Jllleltlal I+_ll'a-

IIl¢l¢l ,,.

('hiltil_+'lt'rJslic N(maher ('+01¢ttl+lli(m _t'¢lioll

l:\IH¢n+,JollS dl¢ d_.'lJx¢d ill .,\I+p¢ildi\ :% for solxinl_ two sJl|ItlIlilllt'tHlS ¢tltl+llJOllS lhal _ Jehl lilt'
, +, (1 +t'hdl',l¢'lt ll_llt" IIIIllll t IS k +111tJ . .X+i+lJll_-ipl¢ ¢h'111+'111tlJllitllllll js I+l',++.'ilh'+] in I"J)'.lll¢ •' iii/-i II1_

h_ ilhl_lt,llt' lilt' Itlllt'lJtHl,II _'1¢11k'111_ Ih+ll IcJtl It_ _1+,_'l¢llllJll+llJt_ll t+l II1¢',¢ IIt1111bl,'l_. I tJlJ_lll_ .

lilt" ohi_'l ¢+I 1_1_' I{¢nnt'i I'tlll_'t h+11 .1111;llld _'111 ;11"¢d¢lt'l'tllJt11.'+,l 1"1o111II1_.' k'Jl'_'l1111[¢f¢lllJill tHdt'l

ol ,I I+;lllic11hl 1111+d¢. [ he .hlx +llld YIII 111¢',+,¢I 111111IJo11", +11¢ litt'll t'V_lh1llcd. _I_+ill+IHOlslJ;ll'+ ' lit .+

I+_*11_hl1+' till lhe ',,IhI¢ t+l lilt' dlltl iltlb llI_ l_llJO +x.Jch]ill£+ the' _.,IhI¢' t+t k ,111111dlld (+III.11111 b_ st+I'_ ill+!.
lht" ',i1111lIl.lllt't+tl _+t'tltl_llit+lln k't+Itll+lJ_,111+' lllt'_+',` 1]¢',s¢I ('lll|t'llOlts

+ ,
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I
lIlt' MIl'll't_ulill_+n_llld I'llilL'lj_llls Ill;It ;11"+.' lllili/ed in lifts seclil)n are' I

!,
I I)

KI•)CAI - Ihis '+ll]llollline u;dcuhttes lilt' t'hlll;IL'll.'l+jslj_.' nllilll'+el'n klllp aml () lllll_

KMII('AI - "l'hi_; nubrouline is used by K(.)('AI. Io calculale Ihe clmraeteristie Illlll)llel' k 'olug •

I'MI I('AI • 'lhin ntll'H'lllllille calculate+, t'h:ir;tcleu'isli,,." I +ltlnclioll x'allnen It)l _I l'+fll'ljt'tll_Ir radial

'+'ally+.'+''-: r/h ,_
1

FAIl7.11' - I hi:, Illllu'lj()ll st)lVe5 fol- a I'tlol of tl I!lVell fllllcljt)ll Ilsil)_ _1u'cHnl'+intll.lt)nt)l" l'al_¢ posi-
lion and bisection h'chnitlll,+'s.

BESI.I - This fun¢lion i.'+used by KMUC'AL to calctllatt' va]tl,._.sof kilP/.I for Ih,+'etllmlion
which d_+'l'hle_tll¢ .,,yslenl of difl'_'renli:d equalions.

---lJm(kmp)l +O ° _ ,o = 0tit" i11,LI . tn (kIll_J

•a = 0+ {; " O ''0
--l.lm((_ k mp)l O m m ( I'mp
dr ' '

for a hub-lip ratio not equal It) zero.

i3FSL2- This function is used by KMU('AL to cak'nlat_ values k'l_lJ+ for the cqlmlion which
deftnus the above syst+.'m of di "lk'n'ential_.'quat ons loP a lit +-I p ratio equa to/¢1o.

BF:SJ - This sld)rollline calculates values of tile Bessel function of lilt' I'irsl kiml.

BI!SY - This subroutint., cah.'uhlles values t)f tilt' Bessel fullction of tile second kind.

Microphone l.<)calion I)elernlination Seclion

The algol'iliun for del_.,rnlJning illJ¢l't)l)hon¢ ItleatJons Was tlisellS:++;edill Section ._+I and ilht_-
lratcd by a I+rinlcil_le-elcincnt diagram in Fignrc 3. Initially, statistical inl't)rmalitln is calqtola-

t+:d f_r Ihe geometric searcll range I'ty deternlhlinI- till" Ine_lll alld slantlard (|evialions of Ihe

axial, circnnll'erential, and radial ;ixi,_ where Illicrophones u:3n I'+eplaced. The next S|ltce,%sive
Ini,:rc+l+_ho/le iocalit)n is delellnined by restricting all Ill't_viously deten'nllned it)c+l i()l'lS.I'hi_,

iocalhm is obtained by generalinp livt, htmdu'ed Ioc;ilions and Ietainintg only the vahuc_, th;_l
yield lilt' thirty largest delerminalcs of lilt • eqtualion systenl. If the It)leranlee o1"the thirl_,

valtle_; ;IS.,io¢ialetl wil]l e;.lL'h IlliClt)l+lIoli,: ,'t)ordinlate in ',vithtn lilt: sl)et'irit: '+];lllle, 11suilable

Init.'l'ol+ht)llt. IoL'illion is tlulerlllinetl. Wllt.n lilt' loJelilnce is l't't'3lt+'l lhtln tilt' ';l+ecilied value.
tile _;e;ll+chis leilt.italed l(ir ;it leasl lil'ly linl+.,s by all.ill.sting lilt' stallsti,+'al illtolnlalion Io let'-

xtricl lilt nell search ill tile geOllleIl+y associated with the lalgest dt'tt+'rnlinatc_,. The sub-
routines lind ltln,..'lion:+;lh:tt art' utilized ill this algolilhnl lille [ , !

+

,'4"1"()('II- 'Ilit:', '+,td)l'olllillu' l'ityi-ll)rlll+.;;I _,It)++'lltlslic:+;t,;llt'hIc) tJt'lellllint' llliCl't)l)hollt' h...'dlit,llP,,, i

I +
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INN IAI • Ibis subrlullhlc in lined by ._ 1"()('11 h_ imtiali/e lily II_'L'Ps'i[II'_,'I)flrilllP.'lels I'o1 Ihe

st o,.'hasl [c seill't'h.

•_TA I' " rl'hls nill'q'l',utin+ it', used l'Jy .";TIt('II ttl )_ent'l'ate lit,.' Val'iibllS statistics l'eqllil'etl l'or tile
stoChasti,." setll'eh.

RANDOM - This :';llbl'<ilItJlle IS tl.,ed by S'I'O('II to ltellerlll¢ lilt" l'tllldOlll qzilllllS ass<l,+'itilt'd with

tile 11+iL*l't+l+11olleIt)t'alitlll_ tl:_ed +11;I11evahlalion.

.+';'t'VAt+,- Thi., subrt)utine is tlst, tl by I_AHI)OM to l+l'OVid¢ l'alldtml Val'ial+les l+t>reitlwl +a llor-

III;ll tll' ;111exl+,Ollelltial diP+itril+qllioll.

RAND - This subroutine is used hy S'I'VAR It) calculate r;ll+itlonl numbers+

Ill+TeAl+- This l+tlnct[on is used by S+l+O('ll to calculate tile delerminant of tile rnatrix ellUa-

tion system.

I.JPI)ATI_ - This subroutine is used by STOCII to update tilt" table of determillants with the
l._urrelit vahl,+.' of the llltltl'i% delellllilltllll.

PRIN'FI" - This StlbrOtllilte is used by STO('II to l_,rilit the results of the stochastic search,

CONVRG - This Silbrtllltille is used by STO('II to test I'or tile convergence o1" the miel'(>phol+e

coordinates.

Conditioning Number Calculation Section

Tile collditioliiilg Ittllllber ( rc'l'. 51 is determhlcd as the I+unctional ek, lllellls illustral<+" ill Fi_-
tll'e 4. Inilially, (he eigen vtlhles o1+the eqilatitHi sy._telll tire caleultltetl and t)ld¢led iitlnleric-

ally. Ill Ibis way, lhe raho o1+the Illaxillltlln and iniliinltlln eigell vttltles call be ct:,ltil+tlted.

Tile sul+q'outines that etllctllate the eigen +,'alLiestire listed below.

I'_I(;CC, I!BAI.A(', 1!IIITSS('+ I!LRII IC, I_l.l,tl12(', EBBCK('. UI!I_TI!ST- Them' stlhroulhles

calculat_ tile eil_n vahles and elgin vectors of the equtition system froln which tile condi-

tion illunber is elilelilaled. This i_ackal¢ is the llrOl)erty o1"Inlern;llioil;ll Mathelllatic'al and

Stalislical l.illrark's, Inc. o1" Ilou,ton. Texas.

Miel'ophlille I+llt.lllioil At.cl.,lllllllee ._eelilln

In _ectillll .t. I Wa_ ;I disciissiOll of lhe procedllie I'or delcrlilinin7 whelher lhe sc'lecled lllit'l<l-

llholie I<ic';ili(liis ilisiire a iiiiill¢l-iCall.v stable _;ollltJOll wheil cited ili the ll.'lP( ", A lli'iilCillal cle-

illent dilib, raln is iqllvhl_.ll in I:il_ule 5 Ill ilhlMlale lilt' ;it't't'lll;lllt't' pl'ot'edllle. The hil,.ic ell-

l.'lost'd Ily tlilshed Iine_; relllL'_cnls the at'celll_ilit't' i_lllcedlilc. Tilt' inlt'lreliilionshil_s hclween

tllis llrot'edlllt ' and other llllll_i-lqll ,,eclioliS i_; ilhistralell hy the hlltic lilies extt'lillill:e oiil_ide

o1 the dil_lit'd lines, hiilially, lilt' c_lildilillnilil! ntilnbel i_ Cllllll_alx'd to Ihe ;!t'c'el_lant'e vahic.

If lilt' t'OlillilioilJlll! Illillibl'i i_ ;it lellltlbie, llw lilJl.'loi_hoile h+t;ilJtlil lllllCCdllie i_ iciliilililvd Iol

lilt' Ilext in_ldt'-nliciol_htllle tXlilibilialioli. I1"the condilioiiinl, nuiilhel i, Itlelilcl lhlin the

I ia
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CA1 CUI AI [ I i

I IGI N VAI UI SOl
lilt MAI'tlIX

o111 AIN MAXIMLIM ]

ANI3 MINIMUbl
I I_itN VAI tll S

(:AI ¢UI At t (!ON[)II tONINq

NUIVII_I II A."; I Ill IIA I I_)
OI MAXII_I_IM I O MIN[MLJM

l"L_t_rc .I l'ril "iptl I:I 'It t" II I)i_L_ _I _ - ._','tl._ilfl'il v ( 'f_l_l_c'ictll ('cll¢'l#dli¢_.
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START

INTRODUCE NEXT
MODE INTO

EQUATION SYSTEM

DETERMINATION
AND CONDITIONING

NUMBER CALCULATION

F ---- 7
SUPPLIED BY

USER

CEPTANCE

MICROPHONE YES
ON WALL

ANOTHER MI

ON PROBE _ YES
ALLOWABLE

FIRST

LOCATION ON YES

PROBE

INTRODUCE INTRODUCE
NEW NEW

PROBE PROBE

PROSE _.

ANOTHER ALLOWABLE

PROBE _'_ LIMIT

ALLOWABLE
LIMIT

I'IX'HI_" ._ Prtllcll_rt/ I:'lCt)N'_tl I)i(_runt Ali(I,_l_tt_ll_. /.,J_llll,_tt ,_'c'_ll_ul

12
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I ,4

;ILIL't+l+lilllC¢ xahlu, Ih¢ (ll+_'rol+llt_ll¢ h+L';llhlll I_lt+t¢dlll¢ i_, I¢itlslalL'd I11st'l¢t'I ;111all¢l'llal¢ hi

¢;lllL+ll till ;I I+mb+ '. AddiliLm;illx, Iht' ;lllowabl+" lilllil I111Illit'lOl+htlll_'S I+¢1 I+lq+l+e ;llld IItllllb_'l

o1 pIL+l_¢+,;11¢ check¢d _i11¢¢ lhin plOt'+.'dlll+.' iti 1_,21l_H'lllCd ill Ih+.' MAIN. Iht'l¢ ;ll'L' IIO _+illll_ltl
lillt".i (11 I'llli¢lions Itl lisl,

Oullllll _t'¢lit_n

I+ht• tiulpul IOl'lll:ll ;llld v:ni_ibK, s I'l'Oln op_'r_ilin+ t II,+e ML I' :ire discuss¢d ill _+.'_'liOll ._._, I+

Saliipl¢ ¢a_i¢ is I+l¢_¢lllt'tl ill _¢cliOII .'_.5+2 1o ilhlPih'al¢ Ih¢ t'x¢Ctllion of ;i ++.a_i¢+.t++nllll'i_iin_

Ih:¢¢ pltq_+i_alill+t iiitld¢_. I]olh _i¢k'litiil_i addl¢_i_ lilt" Ixvo i_o,_++il+lt, illO_lt'_ t_,l+ot+¢l';llion thai tll'¢

_'_._'culahl_" wilh lliis i_lOttl;llll. I{¢+tLIl_i I'l'tllll the ¢Ollll_lll;llit+ll;ll I_rt+¢¢tllll'_ ' ;11¢ plhlled by Ih¢

slil+_r_+tllhl,.• li_lJ.'+.lbelt+w al'b.'r all :lil[_l','s ;tt"¢ L'_.mv¢rl,..'tl to within Ih++"I';111_¢(}" Io .:_(ll)".

Ill'tIN I+ l'hL_ _ul'q'olllill'," l+t'in+l+_inqmt and Ollli+lll +.;lhl¢_.

,\Nt;l't )_ l'his subrotilin_' ¢onv_'lt,_ ll¢_;llix¢ ati_.lcs Io l+ositix e angles ill llw ran!._+"0" It+

.lilt)" t't+l l+rinlillt. ,.

.+.4 INPUI" I)I-St'I,tlI+I'ION

,T.-.l,l Iniiul l"t_ml:ll

Ih¢ N .\MFI IS I+ IOllllill is timed Io iilpul data into lilt' MiClOl_holle I OC;lliOll Pl't++l_.l;llnlind

C_)LlSisls 01";I list 01 I_ar;itllt'l¢l +ll;llllt'_ !',roup¢d undel- :in itlt'nlilyin_ llanl¢: ,(INI)AI'A. l'he

I);11a111¢1¢1niiii1¢5 _'t+l'rt'sl+Olid Io Valiabl¢_ _itl_l_" '_;irial+l_,PiJlld in+ltliX ¢k'lll¢nl_ ii_¢tl ill

Ih¢ i_lOt,.l;llll, I'h¢st, v;Hi_tblcs _11"¢s¢i by +pt'cil'.x ht_ bolh the" imr;ml¢l¢r itm_)¢ and il_ V;IItL¢.

A I'¢:lhH¢ t+l" thi._ type o1 ilipiil is Ihat all as_io_.'iillcd I_tlt'alll¢l¢lS n¢t'tl nol I_" Sl_¢¢il'K'tl. Any

I+;llalll_'lcr nol ,_1+¢¢i1i¢d m lh¢ i!ipul i-eltlhl_ il_ xalu¢ Jl-Olll Ih¢ i,r¢¢¢¢tli+1+,, case or Ih¢ dcl'aull

+,alu¢ il Ih¢ inpul i_;I+t+l Ih¢ I'irsl ¢a_¢.

NAMI:I IS I" i:ll+ut R',r ,.';uch '.'_i.':.,+'is ith+'nlit'i_.',.I I',y lilt' '.'ll;H'_L¢i'.'ris &INI'iA I'.& iu+C',.+ltnnllls 2-7

t)l I lilt' Ihsl illl+lll ¢_H'tl. I]t'l'.illllin!'_ ill ('ohlllln t), I+[il;llll¢lei'tq in[i) +be P+_'tll_++il|!_ Ih¢ ('t+llnill:

I'ht+¢onslatll lll:l_+' be _'ilh¢r _ni¢_ll o1 inl¢!,¢r V_lhl¢ ;llltl inusl be I_llowt'd inlnt¢tlial¢l+x by a

¢tllltlll;I Piil+dlil¢l¢l II;1111¢+. _l+Sil'+l|_.'t_ %'ilhlt's. 111" IIt'+."+'_ill'y _+',+llllln[ls [llll>l lltll _+'xl¢tld I+t'_,'t_tltl

(lohllllll _ +_: ;llhl ll[llllk'._ O1" %'_lhlL'P+ (+[lllltOl b¢ t't) llhtti_',+l on ;I StlI+SCqtI¢Ill ¢;iI,,I. l'nlb++',+hh.'tl blanks

;ll'_" llt_l l+¢l'lllillt'd +II t'+llit'l lht' l+;ll';llllt'l¢l II[IIII¢ til" k'Oll,_l;llll X'[lhlt'. l_+ll'alllt'l¢l . II_IIII+.',_ +Itld

lh¢il m, stwial,¢tl x ahl,+'s If![!'+' b_,+ sl',,,'t'lhicd ill all+XO1++.1¢I. l'h¢ _.'hala,.'l,.'lS ,_:I:NI)+_i!,llil'+v lh¢ ,end

ol lhe ilil+lll It+l +I l+alli,.'tlL_ll +¢+'_Im++'.ll' ,Idtliliollal .:alds dl¢ l++'tltliletl, ll;ll;llllCtt'l I|;III|¢_+ lllU_l
bt')_ill ill ("t+hlllln _.

i-_ _.+lltli+It"t+l liib, lt+llll +++I+lIplll ltsl h+,+';liinlt lhrt't' lll+¢it+i_hollL',, p, i+,l¢+,¢itb:+,l +ii l'+i!'lll¢ (_.

1.I
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3.4.2 hlllUt Paraint.qer_

A sign conv¢iltio!_ was adopted for assigning p()_itive or Ile/_ati','c wlhles to the inpllt I]aralne -
ters. Any inplll I)arallWler not addressed in tllis disctlssion is a ponitjve yallle, The sign con-
w'ntion is forlnlllated with rL'spL'cItO a cylindrical coordillate system that is consistellt with
tile dciixation of lhe c(+hcru'nt acoustic wave propagatioll inodel. Its Inlit vectors are designa-

ted by tile directions: axial - x, circuml'crential - O, and radial - r.

A ¢on.stant radius, annular duct is aligned with respect to this coordinate syslem so that the

positive axial unit vector projects in a direction opposite to the flow. Thus, tilt" Math number
of a uniform axial flow is always designated by a negative value, denoting the axial flow rate

in the negative axial direction. A positive circumferential unit vector projects ill file direction

that the rotor spins with negative circumferential values related to the counterrotating rotor

direction. Finally, the radial axis projects perpendictdar to the centerline of tile duct; the.Is

radial ".alues arc always positive.

l-ach mode is characterized by three parameters which represent the circumferential and ra-

dial pressure distribution and its propagation direction. A specific mode is uniquely defined

by tile I_arenthetical notation (M,/.0, The M defines a periodic circumferential pressure dis-
tribulion with M ntunber of lobes. Positive integers represent a corrotating M-circumferential

lobe pattern with respect to the rotor direction and negative M integers refer to cotmterrotat-

ing inodes. Tile radial mode index/z corresponds to the radial pressure distribution. These
values are always non-negative integer numbers, with high integer values indicating large pres-

sure variations with respect to tile radius.

Tile modal propagatiorl direction ill an inlet or discharge duct call be either an incident wave

propagating fronl lhe fan or a reflected wave propagating towards the fan. Wave propagation

ill a moving medium is similarly affected by the flow rate for modes that are propagating
with or against the flow direction. Hence. tile input variable IDIR designates wave propaga-

lion with respect to the flow dircctioll. Positive values denote waves propagating ill tile op-

posite direction with respect t(_ the flow, such as incident waves in the inlet dncl and re-
flected waves in tile discharge duct. Modes that propagate in the same direction as the flow

arc designated by a negative wdllc for the input parameter IDIR.

The assigning of wlhlcs to tile input parameters will now be considered.

Sillce a del¢llllillzltive eqllati,,)ll systdnl is required, tile ntllnbt'r Of lllit:r()pholle locations to

be calculated is equal to tile number ol" modes illdicated by the user. To initiate the selection

plocedtlre, the hlpnl tnllSl define at least one nlicrophone h)cafit)n at a rcfcrence Ix)int. In
order 1o rethlce tile eXl_crimenlal colnnlillnenl by avoidillg probe-nloilnled nliclophones,
the reft.rcncetl Iocalioll should be on the dncl wall. When option 1] is utilized, a ntllllber _)1"

fixed inicropJlolle coordinates eqltal to tile iltllnber ,.pecilied by the input parallleler NI)

are Ieq liired.

15

1978009122-TS B06



A descripli_u of" Ih_' input v;tri;d_le.sis pr_wided ill "l';dlles I, II, and II1: Tahle I (;em, ral
lnl'_LIt P:lr_uueters;'l';d_le II "l'es! (;eomelry and ('onditi_m lul'JUl I'_u'aluelets;'l'_ihle III
._loch_lstic ,_¢:lt'¢h |nl_ut P;muueters. LImler the ¢olutlin Ile_ldinB "Vuriable Type": the letter
"R" imlicaten lh;ll Ihe nullll'ler is n.'_dand conl:lins _1decimal p(_int; the' lettt'r "1" indiL.zlte.'_
the 1_u1_her is ;m iI_tcg_'1"_ll_[ ll_eS I_I h_we _Idecim;H p_i:_t. "|)eI'_IIl V:_l_les" ;u'¢ ;llso deli_
llL'_ltu'd _lnd illdic_lle the.'v:llu_-"(_1"lhe I_arallleler Ihal is illtCrn_l]]y initialized prior t_ flu.' Pro-
gl"rn_ e×¢_.'LIlion. I_a1"_lIHt't¢l"smH sP¢cil'ied III II1¢ input l'_r the I'irsl Case relain Ihis value.
AllhouBh the d¢l'aull values :11_'¢xPl"¢ss_,din LlllilS of I11¢j_n_li.sh Sysl¢111,lhe k'ollIPLIl_.'r pro-
_rtlll! C[lll hL' u'XCt.'tl|k'd with d:lta it1tll)y consistCtH System {}l" Ill+its.
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I ,11

TABI.I'_ I (HiNIiRAI INPUTI'AI_,AMHI_I,L'4

Input Varial)le Default
Name Type Value Description

NI.t)(" I _ Nullll)el el illierol)huBesor Inodt's.(Less
tll;m or eqtiill I(I fifty).

II'.MLJ I 0 Print imlicator for characteristicE-fmlction
value.

0 = No Print
i = Prhlt

M( I ) 1 "* (_ircumli:renlial modeindex.
M(2) • 2 (I npu! NLOC values)
M(31 0

,_il5Ol 0

MLISIII l 0 Radial mode index.
MLIS(2) j (Input NEe(' values)
MUS(3) 0

MII,H(50) 0

WIIP.{I ) I I Mode p_opagalion directitm intiicatoL

II)IR(2) I (lllrtll NLOC values)
II)1P,I3) 0

I : opposite llow direction
I = with fl_w direclion

IDIR(50) i)

17
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"l'Alti F II I'F._ I' (;FOMF'I'I_Y AND ('(_NDI I'I(_N INPII I" I'AI/,AIHI:III:I_,._

|Ill)tIt ViII iilh|l_ [_l?|iltl( t ('))

N,ll))t? Fyp(! Villll_ |)t_sclil)lil)l)

I I lR R 0,,I.II_ I hlb.lill r_llio

(.)|_. I_ _.(} ()lll_'l [;Idills o1" dllk'l

I'MX I_, 0.07 Axi;d l_hl,'htlulllb¢l (ill'_','it_'s !_L_SIIi','L'J

I:R(._ R ,_100. I*¢sl It_'gll(,l_,'_,(I k'lls_

ND I I Nlmlb_tofmiliallyfixedmiL'k)Id_OU,.'
Io¢illiLml (wilhm aalll_¢ _III_"[[I _| ()(')

XMLI) I_, 0.0 Axi;fl _'ootdm;llCsof Ih_"I'ixCdmi_'[_q_h_)m,

XM(.I) 0.0 (Inlml ND _,_lu¢_l

XM(5I)) 0.0

RMLI) R :£0 l_.adh_tCOOldil_:Hcsof the'flxcd mi_opllone
I/,M_ _) O.L) localiotts.

P,M(._) ().0 0nPul NI) v;ducs)

I_.M(_L)) (LO

TIIM(I) I/, O.tl l.'il¢uH|I'¢I¢11tl:l[¢_Iditlill¢._oI"lh_'llX_'d

TIIMI.2) ILO mK'_Oldmm"Io_'im,m_,.(,k'l,._¢_'_)

TIIM(.I) 0.0 (hqmlNI)v,dm,_)

'I:IIM(_(|) O0

N[)I¢: I.il) I)el_mh ',';ll_l_'s _.II,_*A'II Ill hdd¢ ;u_' ill _lHils ol |h_" I:nl'.llsl, ._ _l_'lll. | It_' _tol_t.llll. ]IO',_,'¢V¢I. Is [

dCsilmCd h_ _,_¢¢tlI_' ',_.111|d;lli_ ill illl'_ _'_ HnlSI.,'III 5_ _,II,'111O[" HIIlI' !

,. k
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IAIH.i! I11 ST()('IIASTI(' SI'AR('II INPtrr PAI,tAMI_TI;I_,S

(M
1111lilt Vmiahle Default

Name l yp0 Value Description

IP I I 0 Ill)lie izldicahll I_)1 I;Ibl+ ill +tl+telmillalll.'+

alld [nierolihiille L+lHIl'+.lillaleS.

0 = Nil prhll

] - I)lillt i:illal Seal+.'h

= Plilll ewry Search

NSI,_II I 51.) Ma×illlllm nulnber t)f ,_arclles.

NVAI. 1 500 Nunlber of evahlatiOll+++per sealoh.

IXPNT I 2 [_XpOllClll t)f t'OllV+rgen¢c to12rallee.

(e.g., Tolerance = ]O ]XPNT)

('(.)NI)N(,) R 100. Value of the conditioning number for

IIlicrol)hone h)calion ac,.'eplance.

NPI,t()B I I MaXilllUlll IItntlber t)f i)lt)b¢_ ill duct.

MPI_.OI} I I M;Ixillllllll II1111111'+'1"el +mi,.-rt)l'_hones per

p roi+..,.

XMIN R 0.0 Miltilminl axial I_lcalJt>n t()1 Illierot+lltlllc

rJlacelltell i,

++ XMAX R 12.0 Maxinlutn axial location l_)rllliClo1+ht)lle

lllaeetllellt.

TMIN R 0.0 Mininlunl aegttlat h)i:atitill ft.)t nlicrtiphone

pla¢¢lllelll (degrees). _.

TMAX R ,¢(+(), MaxitllUlll iiliglllar h)catioll fur illiClt)l}holll_ {

piacem_.,nt(degtee_L

iI)l'I X R I.t) MilliltlUtUaxial dislan,.x' between micrti-

I_11Olle hlcalitlllS, i
i

I)1-1.14 R I.t) Millilnuln ladial diMallCe belWCell illi_iil- !

phollt' IocaliollS.

I)I'L Ill R I I.$ Milliinuiii aligelai ttislallCt' Ilelwecn lili_'ltl-

lllltiile hlt'alltlll_i+ (dL'groc'_l

Nolo: {al I)elaull vahies _+litlWll ill lallle air, ill iinhs ill' Ih0 I{llglish _)'_lt'lli. "1lit' lll{ll_lailt. Iiowtwl.,i, i_

de%lgllt'tl Ill c'l_'Ctllt' with data ill ;111_¢£tillsl%lt'lll s.VSll.'lll ill +ill)its,

i+)

I

t
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),.._ Olll'PL]l" I)I'S(II{IPI'ION

?,.._.10iiIpll| I;()rlll;l|

Ih_'OIII)'qll fl'Olll Lh¢ I%|jcl't}l_ht)lle I oca|jt_ll I)lllgrall} iS ort,;lniz_'d Jnlo IOLIl"Sl.'+.'IiOll.%: ShwllaMic

_¢;11_'h ()tllptlI. InllUI V+ll'J;h+l+.'_,('alculalcd MJcl'ol+htm_' |.tlcaliOll.% alld ('hal++k'l_'l'iMJc I;-I:lml.'.

litlll. All foul _t.%'htll|.%al,,' hl+.'hldcd as Oll|l',ll| whl'll ¢ilhcr Oplioll i_, I'+.'qll¢.ML'tl hy Ih¢ Jill}Ill.

I'hc _'llllll+|lk'r I+rhlltml I'_H";i Salllpl+., _.'a:.;eis prt_vide'd ill Al+l+endJx ('.

I h¢ ._lo¢llaM+£ .%¢aF_'h()till}Ill .%_.'¢liOl! _.'olnl+l'i_.,:i Illu, v;ihl+., of Ih_.' Jnplll ll_ll'alll¢|k'r_ LhaI d_'l'i+lCn

the jlCraljx¢ Int+¢¢n_,. Ih+.'m.' I+[Iralll+.,IL'l'._hl¢lW.h: Ih+.' lllllllt_¢rof jI¢I';IIjV¢ Cvalu;.Iljons. I()]u'l'iltl¢'_

I'tlr ¢o11',¢rg¢11¢¢, _llld the IIl.lnlbL'l" 0|" IIIJ¢l'OplloIIP cot_rdinatesusedto g¢ll+.'l';lI+.'slalistJca] in-
I'tH'lll;llitm, I'h¢ rl)lllailld+.,r t)l" Ihjs I+qH'Iioll or tile oLIIIHll illChhl¢:+; CalCtllal+..d vaht_.,s fro]ll the

sh_cllasljc sCal'¢h I_ro¢¢ss. TlwsL' wIllIeS arL, Ihk" slatistiCal jnl'Ol'lll_llioll lhat ¢orrcsPoml.sto
the _,¢al'¢h I'{lllgk' for each IllJcl'Ol_hOll_' ¢oordinale am.I Ih¢ %'_lhl_"of the dctcrnlillall( associated

'._Jlh I]1¢ nu¢¢¢SSlX'¢ Jllll't.)dll¢llOll of ;I Ill+.)tJc-lllicrol+honP ¢Olllt'_JlltllJoll ill lhe eLluatJoll S,'sl¢lll.

rh¢ rJnal t_u put valu+., in lhis s+.'¢lion Js file _-omlilitming Immb+.'r o1"file +.'qualion syst¢ln cllai'-

a¢'¢rJzcd by lh_: nli+.-rol+hon+., Io£allOll assocJaled wJlh lh¢ largcsl vahl+., of the d_.,l+._rlllJnilllls.

x, i+rinl indicator L,,avallabk, to tile user for rcslrJcting the dcplh of t_Ull_Ul in Ibis s+.'¢lion.

IInweVCl".Ih¢ Iinal ¢,llldilionJllg i:ulnl+er or lll_, _,qtl:ltJon syslcnl Jsalways inchld¢d Jn lh¢

oUlptlt.

hIPul \'arial+h.' .";+.'_.'lj(.).lin¢lud;:s Ih+.' valu+."of various jIll+tit I+al'tllll¢l¢l'.% lhal Wu'r¢ suPl+liCd by
the user. rhc Ihr¢e jlldl¢+:s thai d¢fin+: Ill+_ Ullodal _lrtl++'tul'¢, Ih+ +.'irCumf+.'r+.'ntial and radial

ord¢l-, alld lh¢ Wa,.¢ tljl'P,.'lit+ll jlldjCalor arc ]islCtl. Under 111,.""l'¢sI (;Polll¢ll+y tlll_.l C'ondjljon..,

hlPtll IlCadjllg, IhCr¢ _11¢%'+lrloll._ I'l{ll-tll|lCt,21+SlhaI dk'fjne Ill+.' fall duel _t¢olll.+'lry _lnd ol+¢l'atlllg

Ctmdjljons ohnCrvCd tltlrjlt_t II1¢ CXPCrilllCnI;.ll I+Ft)_l'alll. "l'hl.'s¢ I+al';+llllCtcr:.i jllChld_' Ih¢ duel

radIus, dl_¢l hub-ljl+ r31jo, axial MaChIlllllll'l+.'r, and rr+.'tluCn¢)'. Atldjljt)na] slochastj¢ search

+._litlCs jll¢lud¢ lh¢ axj;I], radial, and CjrCuml'¢r¢llljal :.;¢:11¢hr_lll_t,_ thai bound Ih¢ lo¢:lljolL'.;

Wher¢ Illj¢l't)l+llolt_.,_ ¢{111l+¢ Placed.

I]1¢ ('a]¢ulaled MiCrt+l+hon+.' 1ocalioll S¢¢ljon in¢lud+.'s the Cylhldri_.-al ¢oordjllat+.,s of the

._+.']¢¢tCd mjurt+l+hon¢ Iocaljolls. One IlljCrol+holl¢ WIll b+.' located for ca+.-h IIIod¢ suPl+]jCd Ily
lh¢ USer ;I.'.;mPHI.

I
Ihe final sccljt+ll ('hara¢l_+rjstj¢ I:-I:un¢litlns. illChld¢s Ill+.' valtu., of Ih+: I!-I+ul|dhms I: Iklll# l.
al Ihu" II1¢_1Sur¢111¢111alld pl-edi¢ljoll Ioca|jolls ¢orr¢._l+ondjllg 1o Cau'h _+lo_lL,Ill the _Pq11¢11¢¢

lisl_'d ill all :II+0'+¢ t+,C¢tlt)ll, rhJs s¢ctJonl is a portion of the OlllpllI Jr r+.,tlll¢Slcd l+y the user _iI
JlIptll.

.L';;.2 Sautllh. Cases

1+.%o_.¢r+al.al¢ _.+ls¢sill-t, pl_.'_:,+.'nl+.'dJll lh¢ t+allll+l¢ IHJlllOlll to JlhlsIl'al_. . Iht' t+lllJoll tll +.vh¢lh¢r I
th¢

IIIJ_'hll+lhHl¢ +.t)Oltlillillcs ;llC cahk',llPd I+y tlla,_llllJ Jill,. the .l¢l_'llllJllalll OI+111,:+.'011¢1¢111 [
'+%,t+,_'¢tltlalJoll s_+'_,lcnlOl- wh+.,Ihcr lh, _, _llP specified , !lh¢l ill-billalil_," Ol- _1_,;i set ol t._+,JslJil[!

iiiJfl+ophtHl_, hlcalltllls. I]lcs_: sJll|r_it. +..ilS_.,_.d+_,lllOliMl-ill¢ lh¢ cx+.,+.-tllloll t+r ¢;1¢h ol_lit;it wJlh

data IJslctl Jll I:l:_Ul¢ {+. rh¢ I¢llltlh tlllJl_ Jl| Ih¢ I+tiIHOtlI illt? Jll u'¢lllJlll_'tt'l+P,: Ih¢ IJlll¢ tlllJls III
w,'+.'t_+l_d++,.

20
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h,' I'll',[ ",,iLIIpl¢ ¢,L_,¢ ill|l',II,ll¢ _, Ih¢ _11_11_11oS _l¢[L'lLtlllllll}! Itli_'t_l_llLIIl¢ I_¢.III_H|_ l/)l ,t ",t|LI,I

I1,_11 '_h¢1¢ IlI1¢¢ II1,_1¢,,.11¢ I_l_ll_,l!!,lltll!! ill _1h.lll II1¢1¢1 dl.llll¢l¢l .lllLIIlldl _hl¢l. ,_ll_'lL_l_ht_ncs

.ll II1¢'_¢ h_L'.lll_ll'. _'.ln I_¢ 11_.¢_1I_ _l_l.llll .l¢_llnllL" i_1¢n_111¢ ii1¢.1_111_'111¢111n,dl d I1¢Ll11_'11¢_¸ _1

I_._l)ll IIL'll.'. I'_lt d!.'l¢lttliltilt!_ Ilt¢ ,lltIphtlld¢ iltld I'ql.t',¢ ol Ih',' ( "t,L)l. ( .I,I I, ,Ind ( -I..'l II1_d_"_.

I.l,'l_lt_ . hi Illi_, ,_ltU+tll_ql II1¢ Iltl_'l_}l_h_Hl¢ ,'_'_otdlll,ll¢', ,lit" b_tllldCd ',_.tlhlll ,1 ._l)-_'lll ,l\t;ll ,ll_d

I+or thin ",,tllll_l¢ ¢.ls_' ¢_1111H I_,¢', II1¢ _lt_vll,lsli_" .',,.'.tt,.'h ¢.ll_lll,l|lt_il!,. the itll_tl| I_;tl;1111_'1¢1:'_.dll_l

Ih¢ _,(_¢h;Inli¢ _,¢;11"¢h I_1"o¢¢dLI1¢ I1_1>,¢on_,¢ljt¢d to ,I IIlt¢lOlqt_Hl_' I_..',ltl_',II ',_,h¢ll the' ¢hdtl!_¢ Ill

lh¢ d¢I¢1'111ilI;I111I',_.'¢OlIl¢S,innlll;lll,ispossilq¢l'ofsill,Illch.lll!_¢_illllll_'l_llh_lll¢lO¢,llillllSOl

',',hellthe lll;l\illl|lllllllllllb¢l'_I s¢;Irch¢s h,l:_b¢¢II ¢Ollllq¢lcd. hl lhi_ ¢;IS¢bolh IIIi¢I_I_holI¢

l_¢:lli_ll:_d¢l¢llllill¢d b v lh¢ l_lO¢¢_Itlr¢¢o11_'i!,.¢dillI_,_._S¢;ll¢hc_ [:i_Oli¢_iI_.¢II_.¢11¢¢.lh_'

lhill_ 1,1r!t¢_l',,lhlcsoI"lh¢ d¢lCrlllill;llll._tld!he ¢olrCsl_Ondlll!',IIIi¢IOlqlOlI¢¢o_idill:llCS l;l\i_ll.

¢{l-¢Llllll¢l¢llti;ll..llldntdi,d),Helisted.:Mso.the¢Ollditi_min!tlllltllb¢l"iSlislcdfollh,"¢_qwr-

¢III-_,_,_l_,¢Cqll;lliOllS_,SI¢IIIdC_ClibCd b_, lh¢ ¢11111111;iIi',¢._¢IL_lnli¢lol_hon¢ 1o¢.iliOllS.._ _'_ll-

diliotliIl!ttllIlnl_¢lL_["].._W;IS Olq;till¢_ll'_lthe lhr¢c %_,,llllllOllillcdInlCtol_hoIlCS. itldi¢;llillg

lh.lllh¢ d¢lcrlllln.llll_I lh¢ Cqll[lliOlls_ sl¢ltlis_¢II_l_,ly l'lOlll/_'io. lhLl_;,lhcs¢ Ih[¢¢ lo¢;l-

li,._llS;li¢;l¢¢¢l_t:Ibl¢lof ¢;ll¢lll_llill.l'.lh¢ IIIO_.I;IIslIII¢IIII¢b_ lll_llli\[ll,.¢l:qOlll¢¢hlliqllcs.

•",lislin!',of lh¢input_,Hi:tblcsloll_wd lhisp_Hi_m oI"lh¢ollll_lll,lhislislill!',includesI¢_,I

!t¢0111¢II'_,;llld¢OlldlllOll l_;ll[lln¢l¢lS,slo¢h.lsli¢ S¢;ll¢h I_,II,IIII¢I¢t_,,_llldlllOd¢ !_.lOill_.l'h¢
ilII¢I111¢di_II¢",;lhI¢>.Is!.o¢i;l|¢d'Ailh lh¢ lllOd¢ _tlOIIl__II'¢;llsol.ll_ill,ll_'_l,l'hcs¢ ",';ll{lCSill¢llld¢

lh¢ ,l\i.ll_,_,.I_¢ IIIIIIII_¢I"illLlllil_01"d¢_'.l¢¢S-l_'rl¢ll._tlh:lh¢ ¢i!t¢II',.i111¢.I_'_IiIi.#I_,llldlh¢ _,:iIii¢

oI lh¢ ci._,_'ll',¢¢I01 l;(l_lll.#ii);It!he 111i¢IoI_holI¢IL_¢;lliOllS.

111¢¢_Ol'_lill.llCsOf lh¢ s¢l¢¢lcdIIli¢l'Oph_'_ll¢l_¢;ItiOll_;,[llC!isled.Ihcs¢ llli¢lol_hOllCS',',¢r¢

lq;l¢¢d _iIilh¢ dll¢l _',_III_'Oll¢_l_lldill_'.Io _Il_Idl.ll¢_Oldill;llcs _q" _ ¢111. Ih¢ l'ilslIo¢_IliOlI

_Is spc¢illcd;Itd I'¢I'¢I¢IIC¢lO¢_lliOll",',ilh/_'ro¢III.I\i,ll,illd.¢io d¢itI¢¢_,¢il¢llllll'_'l'_'llli;ll¢o-

Oldill;llCS. I'_'._lo_'JllOlt_,id¢lllil'icdb_, the l_lO!tldllll_II¢pLlCCd .IIlh¢ ?,,IIII_.'_il¢lllllf¢l¢llli;ll

I_¢.IIiO11,ISlh¢ III_Illli¢l'ol_h'_l'l'.',lh¢ I_I;I¢¢n1¢IIIol llli¢lOlql_llCt_for 111od_'s',_.ilh lh¢ :.;[IIII¢

¢ii¢lliiII'¢I¢nli;IIOhl¢l i_,rcslliclcd to lh¢ _,_lln¢¢ii¢iiiiiI'¢i¢illi.II¢ooIdilI.iI¢ I_¢¢_IllS¢lh¢ lll_l\i-

llli/.lliOll_l tiled¢l¢llllill,llll.IS:.;oCt;llCd'.',ilh the ¢qtl;lliOlls_ _IClllis llld¢l_¢lld¢lll01 this _'o-

_qdill_ll¢.l'h¢.IXi_lll_,¢;lliOllS_I" lh¢ I_._,os¢l¢¢tcdllli¢loph_,ll¢lo¢_lliOllS.II_'.I0 ¢III:llldI_ ¢111.

lh¢ S¢¢Olld _;llllpl¢¢;IS¢ilhl_,Ir,ll¢_theOlqi_ll of sp¢¢il_Ill!'.lhc tlli¢l_l_llOll¢l_¢,liiOll_;,rh¢
_',I_¢W,lS ¢\¢¢ilI¢d _',llhIIII¢¢ fhl_h lllOilnlcd _,iIII11i¢IOI_II011¢_.IIlh¢ _.IIII¢¢ll¢lllllf¢l¢lllLll

L-OOl-dln_ll¢.lh¢ ;i'_i.iIdi_l,lll_'¢b¢I',_,¢¢11¢,i¢h ini¢I_*I_IIOlI¢_,_,,i_,_p¢cllicd I_ be I¢II¢¢iIIiiii¢I¢i_,.

lhis¢_Is¢Is _illlll,lrIo lh¢ lllsl¢;I_¢b¢_',iLl_¢lh¢ _..IIII_'III_I¢ !'I_II_.lwqll¢ll¢_ .,llld!'._'_III¢IIi¢

Lllllplllllollllll¢_ll_'lol_llotl¢I o_.lli_n l_h,_thllllI_I lhls _c__lld s,lllll_l¢¢.In¢¢_llllqln¢s lh¢

¢_tl_llliOllill!'.11tllll1_'l.Itld¢I!_¢II'_.lhl_'_of 111¢¢qllilllOlln',_I¢I11,l_,S_¢l.llCd_,',llh lh¢ _,LI¢_'¢_;_I_,_.'

IoI !h¢ IhI¢¢ llll_l_lqlOll¢h_.lll_ll_,llldl¢.llill_',lh,llI11¢_¢ l_.l_.l_ll_ .II¢,llst_.l_'¢¢lq.lbl¢ILq

_I¢I¢II11111111!tlh¢ ,lllll_lllll_l¢,III_Ilql,l_¢__I lh¢ I -l.lll.I .I.I I,I -I,'l lllOd¢ _IIII_IIII¢ Ihc llll_lll

?i

I
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I -q

",Ill_,,,.'I,_l llll_.'lol)]Iclll._'lo_'dllclll'_ll,illIilll'.",,i_Iilll,'i_.'llhilIi:_il_,'¢._.'plilbl_.'for l.lli_clilll¢Illlild_'

,,IiIi_'lill,_'d _.'l,.'I'Ii|illllIi__II.

lh,.'\11,.'l'_l',hoIl_'It_'il|l_llPI'OI!I',III'.'liltI,.'u'O l'_ib,',A,k _!,,',.',.t_'d,_,,I¢\,.',.'LII,.',.Iill._.,',.II_

Ih_.'l_lh_,,',in,_lllillh'..'ll|il|i,.'i|_ltlll,..'liOl)%ill't_l'H+o_.'k'd_It,,+silr¢l".'elllil'k'_l.

(%11'I\ I xl_l¢ss,,':.,I,,',o [_,'illilr!_.lllb.'lll_il__.'OlI|I_I,..'\l_.IFill

("AI_S ._l_lllltl_ LII" i| _.'L)I|II_I_,'X ill'_LIl|l_.'l)l

('I'll) ] \l)Ollk'l)lJil|iOllOf :IL'OIIII'_]L'X;II'_HII_.'II|

.\IM..',(, ()blillllilllil_ill:llYpill'(oI"itO._IIII+I',.'XilF_llll,..'I

RF..\I (')l'_ti|illl',.'illl'.illt'._I'it¢OII'II_I_'Xi|l'.l_._ll|1_.'i_{

II_),_I ('Ol1_.'lSi_l)I'Io111i111¢_'.'I"I0 F_.'il]

II-IX ('Olt_u'l't,iOllI'I"._IIIl'k'illI0 l_.'_,.'l"

-\I_ .-_l*_:_Olilt...' _.illll_.' Of il l'L'ill I]LIII]I'_.'F

I.-%B_ .-%l',:,;oh_l_"',.;_hi','_'_Iilll illl,.'_,.'r

-_(..)I'_I _|ilill%"fOOl Of ilf'k'ill"_'illtlk'

%1.\\0 OBtain t]'_itXill_Ll111 _.'ilILI.,' .,_|" il'_11_ll ll...'l_.,'t'_

.-_] _,_,_i ,*'_illIII';IIh,,,-'a]ilhim ofa l'.,':lll',O.,.ilivra "_llnl'..' II

._1N .'_i:l_." of il I%'ill ill'_lllllk'll(

((j_ ('Osil'lC _1 il lu'ill Bl'_Llllt_.'l'i|

I .'_ .._r...'|:I11_..-'11|o[+itl'...';llitl_l.ll|)_.'ll|

I _I _ I '_l_Oll_.'llliilli',lllof ill_.'illIIP.I]IIIID+'I|I

3.? I_,I'SOUI/.('F I-._I'IM:YI'I-_ ',

Th,..'tim_."l¢guit",.',.lfor If:'."(._.'ll|lilll_l'O_'cSSOl"l.;llil((+l_'Ll|topl'OO..'_,_.Ilob,.l,.'l',.-'r_d_,,.+r_lh..'

11LIIYtI_','I"Ol tViO'*l',.':',,II]_._ lll',' 'ZOllll'_l_.'",it_." ','_" 111¢ llO*. ',' _ "Otlp. l","_" millll'_l'..' 1110_+|_.'SII'LI¢[III"J _, the)

xer _+."_'al t u l,." o "t.'PL_ illl_' l+_'l" lllOdi' i_+l'IV_.' s¢+.+l>lltl_+, l'of +.'t I111+I+.'_ lllOdt" Pill+ll<+'ltli'¢> 111¢

il,,'¢iil_¢(+l't' litlt,-' I+_'I"tltod*+'i_,_,i'_t). +_'¢Olld_. Ioral (+I+[ tim+.' ¢illt b,+'l+.'d_l¢¢d if th+-'pr t 1_
Of iltl_+'l'llil_ ¢_ll,.'tll,ttioll._ b, 110t l'_'gu¢',t*.'d.

I



I{I FI KI NUI_

I. I_, Ira, I M ,uld _ol_in. I tL "_\i,_l I h_ L_H|ll_l¢ss_ll ,_tlls¢ _|Ll_lk's." /),/ll_. X II,

'{1, i_, ._11_1.( I_)1_)1

_L_llln. I. (I. ,111_1_1_'('.11111..I.('. "PI;I|I ,_ _'liilt|¢_ "_il<l,ll'l I \1_¢1i¢t1<¢ ill {'_III1_1¢_01 -

I i_, ._n!_'l_.",. ('.'_, No'.. IL)I_(_.

_l.ll_l_llt!_ ._l¢.ld_ "._lilt¢ :%_'O|tsti_"1:i¢Ids in i llFb_Itl;l_'hh1¢l_, l)li_'Is." ._:_.'_:_ I'M X- '3') I (_.
I I ') '(_)

.I. l'ick¢It, l;. F.: "l:illl _otllld _Iod¢ .'_IILI_'IIID.' l)_*[_'t',11ill;l|i_t_ l:in_d l_cporl." _.-_S:_

_,'I_ I3>."L_, tl ') '')

,",. ]_osaI_',_l'l', I_..'%, _ll_',[(ih_sl"tH',_, I'. :%.. "M:Hrix I rr.,',r .._tl:ll', ,_is tof FnKh|,,'.,'rs," AFFDI -

O. ._ubrotltiltcS l{l:SJ ill_.t BI:SY _,'t'_" ml_ipted l'ronl the II:IM Scicntili¢ .'_tlbiollli!1¢ l_:l<k.l_¢.

". Subroulincs. Fltlt(.'. I:I£.%1 ..\('. FI I_III('. FI RII-'C. Flll;;(.'b,t'..ind UIR IFS I ;u'¢ the

l_rol_Cll_, of lllc hHcrn;Hion:|l M;llhql11;11i_'ill illld ._,l;lli._li¢ill [ il_r.lrics. [t1_'. oI" ][oil._loll.
Ic\,Is.

I

1978009122-TSB14



T
APPENDIX A

Calculation of tile Characteristic Numbers

a

The characteristic nlnnbers K o and Qo are defined to be tile paired roots of tile sinlultaneous
eq tl_ltJoIIS Ill/_ _"/-_

o, ,Jnl(Km_r) + m_ m_ r)]r'=l =0 (1)

IO" O d, Io
[d_ _Jnl.(°Knltar')+ QInta_r'Ym (oKin/ar_)]r'= l = 0 (2)

For a given circumferential mode number, m, radial order,/_, and hub/tip ratio, o, (where
o is not equal to zero); Jm and Ym are the Bessel functions of the first and second kinds of
order m.

Tile following relations are used in the formulation of a solution

d , dx

Jm (x) = Jm (x)_-rt (3)

d Ym (x) = Y'm (x) d'_dr' (4)

Jm+l (x) = x nl (x) - Jm-I (x) (5)
I

, 1 j
Jm (x)=_ "1 nl-I(X) Jm+l(X)l (6)

1 2m

='_'[lnl-I (x)---x Jm (x)+ Jm-I (x)]

in

= Jm-[ (X) "_- Jill (X)

pt_,I._EI31NO PAGE BLANK NOT
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,' _ , Yin (x)
_111(X) - I Jni (X) .....

;i"x .Iii| (x) Jlll (X)

2 YmIII (x)
----..... I I.Im, I (x) )1 (7)

,I x Jlu(x) x- (x j_n (x)

'(} (J

I ellin_ K ; I(, ;llld (,) :_ (,) , and ev;IhHIlil|/_, at I'1 _: I ; ( I ) [llld ( 2 ) be¢ollle
lll_J III,LI

J' (K) K (. _m(K K::O (8)nl

Jm' (oK)oKl-(_'lm' " "' (oK)oK=O (o)

I

J Ill (K) K
From (;_).(.I :- - ,,

_' m (K) K substitutin_ in)to (9) yields

J'm(°K)°K J'm(K)K Y'm((_K)o K:O
(10)

, ,, , K2 , . ,' -)l.*_lf{K) : Jm (oK) _ n(K) o Jm (K) '_m (oK) o1_- : 0 (11)

Using the exl_r_'s,_ionsin (5). (0). (7). aml (1 l) th_n:

I'(K) = o K 2 IIi / ) " I11 Vnl {k) lJJnl-I (o K) _ Jm (,'_'K)I _.K_n(K) t- IJm.l(K)-_ Jm (K)I j_u_ )

(_,K21Jm. I(K) _'mlK)l + (o K) m Ym(° K)_OKJnl(O K) IJm. I .;_ Jm((_'K)l ..... 0 (1_1Jm (o K)

III

K2 I _ m 2 (K) _ (KII
l'(K);:o -lJm-I (oK)- ,'_-KJml° K)I lJm-I K Jm !

R _ Jlll (_) /To J_ Jill 10 I_) i

" ' 1m (,K) m I'm!K-') Ym ('1':)
iJm_I (K) K-Jm(K)] I'lm I oK "Ira(° K)I jm(K ) ill) I (') K) I O (13)

,, I
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Fglmlion II.ll is,'v;dn;ih'd I_r v;litk's hi" K i I_1n .lit 11 _;i I, .', .I .... Lmlil I'IKII f(K i l) " II
I'111" ,_11111_' l- .'_ I++lll¢'|'d|lll ' _lll|_h)_+'lll+ll ;1 I'l)l))bill;llill)l ol' I';IJ_l' Ihl_+JliOII ;llhl hist,'t'lloll ll't'llllh|111'_

Ill -.
i.s Ihcll ll_¢d Io oblaill ,I _;litl¢ of I_ ill lhc hllcrval I I_i I' nil11111

II;IVllll'. calcul;lled ;i v;liu¢ o1"I( .'0 Ihe _'Ol'l"t'_lhHhlHII +,v_lhh' 01' 1,1 t.)0
_i1111, t';llt b_' t;licul;Ih'd.nl,_l

('tHItl_lllill}; {_] ;ilhl (_)) yiehls.

i . ! _ bl . ,i ,I.ImtK]* ,Inli, oK_ j I K * t I%ultK) l '_ I11t,d_,1ol K 0 II.D

from which
t I

Q Jm tK) I jnl I:;K'lcl 115)

%11.1K_I _lll IoK)¢!

(1 _;()I:or o O, Qinp l) ;1rid tl i_ d¢l'htcd Io be II1¢ root of
II1_1

d tK '° 1: IJ I' 0 tltqI_, Jm ,Ivt

I t'lliltl_ _ I_+(l , ;|lhl t'%';lltl;lliltl__111+ i, ( 1(_) i_t'_'Olllt'S
11111

If I(KI .InI'tKIK. o, Ihen Ll+)yi,.'l,.l_ LIT)

tll

- ItKI 11111l tKl E "II+1 (Kli K tl (I,_1

l;gtL,lliOl1(l,'qlis','v;lhl;lled lt+l'%r;lhlk':.;tl|'Ki 111t.hil);i l..?..l....lill!illtl(.j) l(l( l)-.t)
I+al ._;Otllt'X';litlt' Of J. :_ pIOCCdltlt" t'ltll+JO_,'ltlI"+1t'oltll+ill;llitln ol I;llst' I+L_silit;ll ;llhl I;IS+_'t'lloll

lechi1hlllt.+ ,+;is lil¢it 11+s_'dIt+obt;_in ;_x'alut' +afI._"; hl the ml_.'l,.;ll tt_i I' K;l.
II1.11

1978009122-TSC03



APPENDIX B

MICROPHONE LOCATION PROGRAM 'l
q

PROGRAM LISTING
; I !

t
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i
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Is

PRAT1 £ WHI1NEY AIRCRAFT DIVISION VER OT/2_f/T
$C.PANL IB.L4 9.0 |2.b0.00

• .WRITE PRINT e T_9901
C DATA SET T8990| AT LEVEL 011 AS OF 06/|6/77
C DA|A _,ET 189901 A1 LEVEL (JOB AS OF 04/06/7T 00001
C 00002
L Tills PRUL_AH CALCULATES THE IBESTI PLACEMENT FUR MICROPHONES IN A DU£TO0003
C 00006

BIMCNS1LIM A_{2OOJw IHO{IO|l _QRKISIO0|, EIGVAL(50|, EIGVEC.(5OtSOItOOOOb
l IQISOtSOI_ AMPL(bOIt PHA'-EIbO) 00006
I X|EHNAL DIICAL 00007
CbM/_Ufl /HA]KXI NUlMlw ONEt ZIROI UETI MkTRIXlbOwSO) 00000
CCH:It.N /|'RLiBL_/ INALLI I,_AMEt NPHUbEe MNPKOB 00009
EUHH(Ai /(.rdSYN1/ t_HIKtSt hM[|Dlbt $|t.HAI Bo MXt FRLQp At OME(aA 00010
CbMlt_lt /EHU.',/ Et_Ul_OibOim It:MPBT 00011
CL'M,_LN /NUI4LI/ KHDISL_lt QMU(50) 0001_
CI_F;f_If] /F,I,LE_/ F_U[,i'(_,UIt MUl_0Jt |NAVE(_>0) 0G013
C(:P;IIJN /NAVLNO/ I_XlSOI 00016
CDt'IH,*PJ /HIE[_/ NI)JHv X|_)Uls #_(%Olt 1HETA(50I 000]D
L(_._ uN /_LAKCH/ hVAkl |PAint, NSKClt_ NLVAL_ IEXPNT_ MIASLEt NSTRT UOOlb
E(,F'._[,ti /UL_L/ UUMI(SIt PI O00JL_

C{_HHbN /hUUNU_'/ XBiJUftUIZ_U)t RBUUND|2tSO)_ TBOUNDI2ISOIm XA_ XBm 00018
| IItI_IN_ TttHAXe _L]Nt KL|Ht THLIN 000|9

COHHUN /L(INU1N/ (,IIODLN 0002_

C_HMuN /A/'iL, I L_,/ bE{,kkbt RADDEG 0002_
RLAL K_tU_ HX , OOOg_
CU/_eCE'X UNEt ZERLIo UET_ MATHIXI FACTR= O|VSRt EXPNTI KXt EIGVALt 00023

1 LIGVLCt LU 00026
C 000_'5

C INPUT CAbL VAK|AI_Lb$ OGOZ6
C 0002"/

20 CALL INPUli ]LND I 0002_
IF| |EhU .(aT. 0 I GO 10 999_ OOO_q

_. 00030
_AL_ULAIE LltARA£1ERI_li_ MURDERS KRU AND QMU FOR EACH _EI OF 00031

C C]RLUMILRLN_]AL MUDL NUMBER AND RAL/|AL ORDER 00032
C 00033

CALL KQf. AL 00036
C 00030
L CAL_ULAIL AXIAl. WAVE NUMBER 0003b
C 000_?

_CEN = UME(aA # A 000]_
AHA(_H == |. -- NX • MR 00039
[_U 'tO I=ltNMUUE5 000_0
RADILL _- FLOH *• 2 - AMAEH • I KRUIil / B ) q,* 2 0OO•1
IF| HAUI£L ) 2be 30t 30 000_2

20 KX(I) = EMPLXI -HX • FLON / AHACHo |NAVE(]I • 00063
| '_wRll AI_$I HAOICL I ) / AMXCH | OU(_t_ '

bU TO 60 000_5
30 _,XII) • LMPtXI I -HX • HUN • |NAVE{|) • SORT| RADICL ) ) /0t)oqb

| AMALII_ O_U | (JUU_;_
_U _UN1 INU[ _ OOU_fl

C OOu_9
(- 0t TEKM|NL MILROPHUNE L[I(.AIIUN LI;MPI)NEN|$e Xo Rt AND TItETAB USING A 0oo50
(. 5IDLIIASIIL $1ARCH |L(.I_IOUL OUUS|

PI I] THG I)AG ] T,ANKNOTI IL

I
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1

P_AT1 & NHIINEY AIRCRAFT 0|V1510N VER 07/25/77
SC.PANLIH.L4 9,0 |2.60.00

C 00052
_20 IHALL = O 000b_

|PKUDL = 0 00056
HPRUOL E O 00055

C 000_6
C SL1 UP FIRSI RUW OF MAIR|X ANO INITIAL DE|ERM|NANT VALUE 00057
C 00058
C CALCULATL CHARACTLRISTIC E-FUNC]|ON VALUES ASSOCIATED M|TH R 00069
C 00060

KpHIHE = Rill / 0 00061

CALL EMUCALI KPKIHke EHU(ItI)_ NMODES I 00062
()U 140 J_ltNHI)O_5 0006_
LXP|11 _ CMPLX| 0.0_ REAL( KXIJ| I • X||) • MODEIJ| • 00064

| ]tlEIA(|) I 0006_

MATKIXIX,JI = E_U|JtXI * CLXPI EXPNT I • EXPI -AIMAGI KXIJ) I • 00066
I Xll) I 00061

101l.JI = MAiXlX(ltJ) 0006_
160 CuNTIt_UE 00069

OLI _ MAIRlXlltl) 00070
C 00071
C SE1 UP ARRAY5 FOR S10CHA$|lG S_ARCH 00072
C 00073

|N011) : NVAR DUO74
[hU(_) = N_kCH 00075
|Niel _) E NEVAL 00076
|NI_|_I m NIAULE 00077
IND(5) = NSTAT 0001B
1h0(6) = 0 00079
lht)lT) = 0 000_0
lhD(_) : ILXPNI 000_I
lf_OIV| : IPIINT 0000_
INtJl£O) _ 1 00083

AV_ a .9 * I XB - XA I p O00G_EL
C 000Bb

MK51KT • NUIH • L OUObb

DO _0 JJsMKSIRlwNMIKES 0OUST
C 000_B

_Kllblbw9000l 00UI19
9000 FL_MA| (IHI. |661 t••• MICROPHONE LOCAl|ON COMPUIER PROGRAM •••s00090

1) 000_l
IF( JJ .LE, NHIKES | GO TO |47 00092

C 000_3

C ALL N1CRUPIIUNE LOCA110NS HAVE BEEN INPUTt CALCULAIE £ONOIT|ON NUMBER 0009_
C 00095

OU 430 JJJ=|tNM]KE$ 000_6
J = JJJ 000_t

GO 10 1_5 o009a
167 J _ JJ 00099

iF| _P_NI .01, 0 | HRI|E|b_90O|) J 00|00

9001 FORMAl( /t IXe _.., _TOCHASIlC _EAKCH OUTPUT FOR MICROPttONE t e 1210010|
C 00102
G IF M()UL NUMBERS Ct(ANGEt RESET |SAME |NDICAIUR AND AITEMPI 10 PLACE 00103
C H|_L ttN _UCI MALL 00106

!
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0RIG/NAI;PAQ IS
POOR QIJ

PEAl1 & WHITNEY AIRCRAFT DXVISION VER OT/2S/T'/
$L,.PANL |b.L_ 9*0 12..50.00

C 00105
I_1 ISAME ,EUo 0 I GO TO 150 O010b
If{ MI}DEIJI oEQo MUOE|I| ) GO 10 150 00107
|SANE = 0 00 ].OU
|MALL = 0 00109

150 hLsltll E J - I 00110
N{,IM m J O01ll

|_b AA{L} = XA 00112

IF( IHAtL °Nro U } AA|I| • XA * AVG 00113"11
aAfZt = TI}M_N O011A

|El 5II.MA ) 160t 160. 165 00115
160 AA(31 = .I 001|6

GO 10 ITO O011¥
165 AA(_; • B * SIGMA O0118
l-tO AAI4} = _is 00119

Aa(bl = 1HMAX bbl_U
AA(bJ _ • 0012_

C 00122
C _,1| UP bI_UND ARRAY _- 00123
C 00124

XL+LAIt,ZO| 1 ,, O1 = AAII) uul_
Xb(+tJt+D (2 1J | = AA|_| "* 00120
"I8(JUtlDl I g J ( _" AA|_| 0012_

Ik[JUt,n (? t J) _- AAI '_I O012U
f_l:[llH,l) ( I _ J ) = AA(3| 00129
kI.LIHJtJ( / _j } = AA| _,} 00_30
CAlL Sltl(.ll¢ DFILAL_ INOt AA ) O01_I

(_ Gt, 132
C ',! 1 UP HICROPt_UNE LUCA|IUN COMPUNENT ARRAYS 00133
C 00134

X(J| L AA|I) O8130
|llEI AIJ} _ AAI_) OO|3b
klJ| = AA(3| ' 001_7

C 00130
C SET UP ROw J UE MAIRIX USING 1HE VALUES L_ Xt THETAo AND R 001_9
C 001_0
C (ALCULAIE CHARAC1ERI_T|L E-FUNCTION VALUES ASSOCIATED WITH R 001¢1
C 001¢2

175 RPklME = RIJ| I 0 001_3
(.ALL EMUCAL| RPRIME_ EHUIIIJ|t NMO/)ES | 001_

bU lq0 I=ltNMIIUE$ 00145
L}tPNT = CHPLA| O.(tt REAL( KX(|| } * XIJ) * MODEIII • 001_,6

1 IHFTAIJI ) O0 tz+?
MAIRIXIJ_I| = EMIIIItJ) s CLAP| kXlqtl ) * EXPI oAIMAG| KXI 1) J I 001¢8

l XlJ} ) OOLE9
E_lJt] ) = MAI_IXIJI|| OOlbO

lqb CL,NlIt_UL 00151
IF( JJ .faT. N.qIKt5 I GO lO 230 0015-'

C 00153
C IRIANL, ULARIZE 1HL J ._ J MAIRIX 00156
G 00155

FALIR _ LINE 00156
bU 21*O I=ItNDIMI 00151
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_llilt_,t'l_/tl, i'/;I;l'. U,

, ,i: L'i3OI_ l,_ULkiA'J?_i

Pl_tll _ _HITNtl &IRGRAFI DIV|_ION YER 07/2517T
SL.PANLIB.L_ 9_0 12o_OeO0

t L 1RY AND PUT R|KE ON ANOTHER PROBE 00211

j C 00212
IPRilBE _ I �|PROBE00213
IPI IPrOOE .LE. NPRDttL I GO TO _0 00214

J C 0021_

I C ERKUIt - IIIE NUMBER OF PROBES EXEliEOS IHE MAXIHUM ALLONABLE 00216
! C 00217

! 330 RBI1EIbtlO00} 00218

[_ IUNU flORAl| lit IXt ,l*Ill 1HE NUMBER OF PROBES REQUIRED EXCEEDS IHE O02lVIMAXJMJM PLRmI1TLD. ExECUIIUN mill. BE TEBMINAIED Oe_t | 00220

i GU TU 99_9 0022 1
i _60 MPROL_ L I 001"_

i l WAI.L u -1 00223
00 TO 155 00226

;! _ 0022b
C RESUETS ACLEPIABLE. IF Ok NALI. t CONIlNUE. IF UN PROBE, REAUJU|T PROBE 00226
C /N_I.KHATIUN ()0227
C 00220

3bU Ill IHALL .EM. 0 I GO 10 _20 00229
mkkUbt = | • HPRORE U02_0

: IFI HVRUBE .Gt. HNPROB I GU 10 300 00231
INALL = 1 00232

GU TO _20 0023_
_B0 IPRI}bL = | • IPRE_E O023_

IF( IPRUBE .GT. NPROBE | b0 |O 330 002_b
It/ALL = -1 00235
mPkUOE • I 00237

E 00238
C CALCIJLATt IHE DETERMINANI OF THL J R J HATRlX.-.-- 00?39
C 00240

420 DE1 = NAfRIXIJtJ) * FACTR * DE| 00241
GO TU _40 00242

430 CON| INIIE t 002_
_t_t0 LtNTINUE 00244

C 00262
C PR|N1R_ULTS 0024b
G 002_T

CAlL PRINT 00240
C 0U269
G RECYCLE FOR NEXT CASE 00250
G 0025L

Go TO 20 0025_
9999 STOP o0253

|N_ 0u25_

SUbKUUIINE ANGPO$I ANOLE, NUHBER | 00255
C 00256
C 1IRIS SUBROUTINE LONVERIS NEGATIVE ANGLES IO £ORRESPIDflD|N_ POSITIVE OOibl
C ANGELS 00250
C 00259

D|mEfl$1DN AN_LEI|) OU2bU
UAIA UIUKEE / _00.0 / 00201

C 00262
|)U BO I=ltNUMBLR OBZb3
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PKA1] & MIt|INLY A|KCKA_1 D|V|$/DN VLR O?/25fT/
SL,PANL Ifl, Lat 9,0 |Z,_O,O0

JF_ IdV(;L_I]) p 20t 80t _10 00264
_0 tK} ._b J_letO 00_65

DLL1A _ J • DEGKL I- (J{Jk'66
Ill ANbLLI]) * DLLIA ) 6Ot 60l 60 0(J267

40 CUN1 INUE O02bfJ
_U AN_,t|(|| = I}tLIA • ANGLE|]) O02A9
80 L(.INI ]hltlL O0??U

C OOZ7 1
9_*/ HL ltl;_N 00272

! N[J 00_' 13
FL,NC]|UN BLSL[I X ) 002"14

C 00275
C 1H|S FUNLllUN CALCULATES VALUES OF 1HE EQUATION DEFINING _ SYSIEN QI00210
C IJII-tLHENJIAL |QUA11UNb FUR A NON-ltRU HtlB/'I[IP RATIO UOZ/7
C 002 lU

LUHHL_ ILII-.%SLI ]S]L.NI JSIGNt DELKMUt l"OLw He P| 0027")
LOM/4L.N /LN$1N1/ (}UMII2)w _.IGHAt DUR=_IS| 0021_U

C 0{_2 tt I
XI = X • SIGMA 002h2
LAti t_LbJ| Xie I_-.I$|(;Nt LHJN|t 1ULe IER| ) 0020]
CALL L_LSJ( Xlt H e LHJXIt lOLL IER? I 002H4
CALL BtbJI X. He EHJ_ ttlLw ||H3 ) OOZb5
CALL bi_J| Xe M-JSI(.N_ LHJPI, lOtp |EK_ ) O02bb
LALL bL_Yl Xt HI LMYX= ILRb ) OO?B?
CALL [,L_,Y( Xle Me LMYX|o |LR6 ) O0?ltt_

C 002119
LHJPII - JSIt,N ,_ ISIbN • EHJH] 00?90
IHJX[ = IS[(.N • It_JX[ 00_'91
EHJ r. l_,lt_ • |HJ 002V2

tHJPl _ JS|t.N • ]b|t.N @ EHJP[ 00293
EHYX = 15I[,N • EMYX 002_
t:HYXl = ISI_,N • IHVXL 0&295

- t 00296
A1 =; EHJHI - I N • JSIGN / XL | • EHJXI 00291
A;? = LHJP| -- I H • JS|GN / X ) • EHJ 00290
A_ = 2. • AI I ( P] • X • kMJ ) 00299
A4 _ 2. • A_ f ( PE •'XI • EMJXI | gO.tO0
A_ =" Al • AZ l_ I EHYX / LMJ - EHYXI / [NJX| | UObt) l

C 003o2
_LSL] _ XI • X • ( A3 - A6 ¢ A5 ) 00._0;_
Hi: 1URN O0]t;4
tNO OL)_O b

kIINCIIUN bESLZI X ) O{_Ob
C 00307
C THIS HINI.]t(|N CALCULAILS VALUES UF _H I_ E_IAIIUN DEFINING _IHE SVS_ER I]FO0_(_8
C UEtFLktN;IAL [_[/AT/UNS FOR A HU_/I1P KAI|O LIF ZERU ' 00_O9
C UU_IU

LUMMLIN /t_tbSL/ lSltiN¢ JSIGN t OELEMUt IOLe Et P] OO3ll
(.t,HM[II%I /(N*%|N|/ IJIJH[12Jt _||;MA_ IltlM_lS) UO31_

C UO_14
CAll HISJ( Xt H-JSIGNt LMJM|t IULt ILK[ ) 00_1-_
EAt[ ltlSJ| Xe He EHJe 1ULt |ERZ | 00315

C 001|6

!- I

I
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i .,tl

ORIGINALPAGE rS
GO'PO0 QUALITZ

PRA|T £ HHITNEV AIRCRAFT DIVISION VER DT/25/?T
$C.PANLIU.L6 9.0 12,50.00

EMJMI • JSIGN I ISIGN • ERJM1 00317
EMJ u I$IGN • EMJ 00310
EE_L2 _ X _ EMJML - M 0 JSIGN • EMJ 00319
RLTLIKN 00320
END 00321

bUUk(_IINE BE_JI Xw Ne BJt DI IER ) 00_2_
C 00323
C THIS $UItROUTINE I ALGULA1ES 11tE J BESSEL fUNGI]ON FOR A GIVEN ARGUMENTeOD324
C Xe ANti ORDER N. THIS SUUKUUIINE It.AS--TAKEN FROM THE IUR SEIENTIF|C 00325
C SUI_RUIJ]INE PREFACE 00326
G 0032?

bJ = 0.0 00320
IFI N .GE. 0 I GO TO 20 00329

00330
G ERROR -- NEGATIVE ORDEKo SET ERROR INOICAIOR TO | AND RETURN 0033A
C 00332

IER _ 1 00333
GO TO 9999 00334

20 1F! X ) 40t 30t 60 O03_b
30 ]El N .6_. 0 ) GO 10 _0 00336

UJ = 1.0 G033I

GO TO 9999 00_38
G 00339

C ERROR - ARGUMENT ZERO OF NEGkTIVE. $E1 ERROR INDICAIDR TO 2 AND R_TURNOO3_O
C 003_1

40 IER u 2 00342
GO TO 9999 003_3

C 00344
G CALCULAIE MAXIMUM ORDER NUHOER 1HAl CAN BE PROCESSED FOR X. 00365
C IF X .LE. l_e N HUST bE LESS THAN 20 t IO*X - X**12/3l 003_6
C IF X .GTe Ebw N MU_T UE LESS THAN 90 �X/200347
C 0034_

60 IF( X - 1_. | 001 801 100 P 00_9
80 N1EST • 20. • lO. • X - X Q# 2 / 3. 003_0

GO TO 120 00_51
100 NIEST _ 90. • X / 2. 00352
120 IF| N .LT. NTEST I GO TO 140 00353

C 00354
C ERROR - ORDER RANGE COMPARED TO X |$ NOT CORRECT. SET ERROR IND|CAIOR O0_bb
C |U 4 AND REIURN. 00356
C O03bT

IER m 4 00360
GO TO 9999 00359

140 IER _ 0 00360
NI s N _ I 00361
UPREV u 0.0 003_2

(" 00_63
G COMPUTE STARTING VALUE OF N 00364
C 00365

IFi X - _, I I60e l_Ot 1_0 00366
160 HA = X * 60 00367

GU TO 200 00360
1_0 HA • 1.6 9 R • DO. I X 00_9

( /
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ORrGINAI;PAGE18
POORQUAM

PLAIT L WHIIN(-Y AIt(GRAI! OIVI'-ION VER O'//?tlT/
SC*PANL I|$eL_ 9cO 12150eOO

700 HB ; N t lt-lXl X ) / 6 _, 2 00310
MZLI_.I) x. HAXO( HAl Hl_ ) 00_71

C 0037?
L _.tl UPI't.R I IHII (IF H 0037"4
C U03F6

MHAX _ NIEST O03Vb
220 b[J 370 N_HZEHUIHHAXt3 00376

L 003/T
C SIT #IH|o ElM-l) 00_78
L 003)9

PHI k I.OE-2B O03BO
tH = 0.0 00301
ALPIIA : 0.0 O03_Z
J1 = I OOZE3
It ( ( M / 2 ) _ _' .EQ. II ) J1 s, .| 00384
H2 *z R - ? 00385
I_(J ?(tO KLitH2 0038_
H_ = H - K 003o7
I_HK = 2. t FLOAT| MK | $ FNI / X - FN 003_#]
FM =- FMl GO3_V
f_! = U/AK 00390
IF( /4K - N - I ) 260t 2_Om 260 00391

240 I..I =- BHK OG3VZ
2/'0 Jl = -JT 00_3

=_ I + Jl 0039_
ALPHA = ALPHA + 8HK $ $ 00_9_

?tJO (.[,t_T ]NUE O0 :_96
C 00397

hHF. = 2. $ FR| / X - FIq 0039B
IE| N .EO. 0 ) BJ == RRK 00_99

ALPIIA R ALPIIA $ BHK 00400
bJ == bJ / ALPHA 01;401
Ih( ABS| BJ _ BPKLV 1 -- Ab';I D $ BJ | ) 999_t 99991 _ t 0040Z

3UU I_PKEV _ BJ OG4(s3
320 LbNTINUE 004U4

E 00405
C tRRIJH - RE(JtIIREO IULERANCE NO1 UGTAINED. $E1 ERROR IND1LAT(_ TO 3 AND 00_u6
C RI I |JHN 0060"_
L 00408

IER = 3 00409

_JV9 REIIJHN 00410
tta[J O04& 1
bUhI_UUT|NE BfSV( X* Nt llyt IER ) 00/*|2

C 00413
¢. THIb S[JBRUUTINE CALCULATIS IHE Y BE$$EL FUNLT]UN FUR A GIVEN ARGUNEN]mUO_|4
C Xt ANU (.KDlK N. Till5 $Ut_ROU|INE HAS TAKEN FK_ v _HE IBM $CIEN11FIc BBA|5
C _UHRL_JllNI PACKAGE _ 00410
C GO_,L /

II.R -. 0 O0_IH
IF| N .GE. 0 | GO TO 20 00419

C 00_20
C EHI_HR - NEGATIVE URUER. SET ERROR INUIGAIOR 10 | AND RETURN 00421
C OOA??

+

6
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t :\l',/r i"

_'1_ II'hl_" i\ I ' i ;_ I ,IT'l"i
(]t_ I't)OU,¢),1

PILATT & WIIITNE¥ AIRCRAFT DIVISION VER 07/2E/77
$(.,PANLID,L4 9,0 |2,_D,O0

ILK I--I. 00423
GO TO 9999 0042_

20 IFI X I 401 40t 60 00_2_
DO_2_

G ERRUK - ARbUEENI ZERU |_ NEGAIIVE, SET ERROR INDICATOR TO 2 AND RE'I1JRNO0427
C U0428

• O IlK _ 2 004_
GO 10 9999 OG_30

C BRANCH iF X IS tESS IHAN DR EQUAL IU 4, OOq3_
C 00_33

60 Ill X - 4. ) lOOt IOOl DO 00_36
C O0_b
C CALGtlLATL YO AND Yl _OH X GREATER 1HAN 4. 0G_36
G 00&3¥

BOit = 4. / X O0_3q
I_ = T1 _ T! 00_3_

Pu = ( I I I -°00000370¢3 i 12 i o0000173565 I i 12 - 0044U
1 .ooooqa?613 I * TZ * .00017)43 I • 12 - .O017530bZ 004¢t
2 ) i 12 • o39694_3 0U_42

_0 = ( I I ( .U00003_312 • T2 - .OOO01_20?S I i 12 v 00_3
1 .0000_2468 ) i 1_ - .000086979E I i T2 • 004_4

I °uOoo_8o/b9 ) i 12 - .D00223203 ) i 12 i 00_
2 .bl)_921_6 I • 1_ + .3969_23 UO_U

Ol = ( I I I -°oOOuo3669_ v ]2 + °00001622 ) i T2 - OO_4_
I ,uoooJDe?ou I i 1_ * .OUOlubk]61 ) + 12 - 00_50
2 .OOO6_DGq I 4 I_ i °03_008_ 00651

A _ 2. / sukll X | O0_Z
B _ A i 11 00_53
C = X - .?_SJVO_ OO_4
YO = A • PU i _INI C I i U i _0 v CO$i [ I t OO¢b5
y| • -A i Pi i GIIS( L ) i U i Ok V SIN( C I 004_6 i

bit TO tbO 0U_5¥

C EALEULAIE YO AND il FUR _ LESS IHAN'OR E_._AL 10 _ U0¢5_ ;
C O0_bU

100 XX • .b • X 00461
X2 • XX * XX O0_b2
1 = ALIIGI XX I t ob_21bT 00_63 i
SUR = O*O O0_b4
Itll_ _ T O0_6b !
YO = I O04bO
DO lID L=iID • O04bT
IPI t .NE. i I SUM - i. / FLDATI L-iI v SU/_ O_/,D
IL = L 00_9
I$ = I - SUR OOq_O
tERN = | -X2 • TERN / | FL li 2 ) i • I 1. - i- / I FL • 00_7i

I 1$ I I Oo_?2
YO = fiRM * YO 00_13

;'-- 120 CONTINUE 00_?_
1LHR = XX * I 1 - ._ I OO_'15

I

-n ,ii ....
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PRA1T & MI|TNEY AIKGRAFT OIV|S|ON VER 0?/2_/77
S_.PANLID.(.6 NeD 12.50.00

£UH _ O*D 00676
YI • IERH 00¢77
[)U |¢0 Ls2t|b 00_.7_
SUH _ I. / FLOATI L-| ) • SLIM 00_19
FL = t 00¢_0
Fil R FL _ I. OOkfl|
Ib = I - 5UH 00_8Z
IIKH = ( -X2 • 1ERM / ( FL * rE1 I ) • ( i T$ - .5 / FL ) 00¢8J

1 / ( 1$ + -b / FL| | | 00_b_ --
_1 = 1ERH • YI 00_8%

[60 [UNT|NUE 00606
P[2 = .6360196 00¢87
Yt_ w PI2 * YO 006B8
YI _ P]2 • ( YI - |. / X I 00_89

C LtlLCK IF ONLY YO DR Yl IS DESIRED 00_91
C 00_92

lbu ]F( N .GI* I ) GO 10 |80 00693
G 00¢_6

G RE1UKN YO OK YI AS KE_UIKED 006_
G 00_90

BY = YO 00_97
|hi N .EQ. I ) 6Y _ Yl 00¢9B

GO TO 9999 00¢99
G O0_UO
C PERFORM RECURRENCE DPERATIDN_ TO FIND YNiX) 00501
G OO50Z

[BO YA E YO 00503
y_ = y| OO_O_
K = [ 00_05

200 1 _ FLOAT( 2*K ) / X 00506
YL = T • YB - YA 00507
IF( AB$| YC J - I.OE/O } Z40e 260p 220 t O05uB

C 00509
C EK_OK _ BY HA_ EXCEEDED HAGNEIUDE OF _O*•TO. SET ERROR |NDICATOR TO 3 g[)btO
C ANU RETURN OO_I|
C 0_512

220 IER • 3 OObl3
GO TO 9999 0051_

2_0 K = I + K 00515
IF( K .E_. N I GO 10 260 OObI6
YA = Yb OOblT
Yb • YC OOblB

GO TO 200 00519
260 _Y = YC 005_0

_9_ REIURN 005_I
Etai_ DO%_Z
bLOCK DATA 00523
(.[iHHuN /OFAULT/ NIOCe HIRe ORe EHXe FRQt NI5OIt HUSI50)I |0|RI_0)_00526

I £UNDNOe |LNUe XHINe XNAXe DELXt DELIHt 00525
d DLLRt NO_ XM(bO)_ RNibO)t THMibO)t IPTt NSRHt ()_525
3 NVALe IXPNTe NPKt_ MPKO_I N]A_ NS_ SPEEDe |M|N_O_b?T
6 IMAX 00_

|tl
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°tlO &C FAG:lli' ..._ E

PRATT ¢ MHIINEV AIRCRAFT DIVISION VER OT/25/TT
SG.PANLIfl.L4 V*O 12,50.D0

C 00529
C GEONLTflY ANDJEST CONDITION DEFAULT VALUES 00530
C 00531
C NLO_ - NUMBER OF MICROPHONE LOCATIONS DESIRED 00532
C HIM - HUh / lIP RATIO 00533
£ OK - OUIER MAD|US UP DUCT 00536
C EMX - AXIAL MALH NUMBER 0053>
C EK_ - IL_T FREquENCy 00536
G 00557

DATA NLUG / Z /p HTH / 0,43B /t OR / 5.0 /I ERX / -0.07 /t 00_3_
E PR_ / 3|OOeO /t _PEEU / 135bb._4 / 00539

G 00540
C MODE OEFAUL1VALUL$ DO541
C 0O542
C M - CIRLUMFERENIIAL MODE NUMBER 005_3
C MU$ - RADIAL ORDER 0056_
C IOIR - WAVE UIRLCllON INDICATOR 00545
G 00546

DAIA M / 2_-2t 4UtO /w HU$ I Ot II 4B_O /I IOl_ / 2_1t _R_O • 00_4_
C 005_8

LONDITION NUMULR DEFAUL_ VALUE 005_9
C 00550
L £UNt)NU - MAXIMUM CO_DI]ION NUM_ER D055_
C 00552

DATA GE)NONt) / |00,0 • D05_3
C 00554
G _]O_HA_TIG SEARCH PARAMETER BOUND-DLFAUL_ VJMLUE$ 00555
C 00556
C XMIN - HINIMUH X VALUE OF DUCT 0055T
C XHAX - MAXIMUM X VALUE OF DUCT 0055_
C bELX - M_N]_UM AXIAL DISTANCE ALLDHEO BETWEEN M_£ROPHONE$ 00559
C bELR -- M]NIHUM kA|_IAL DIbIANCE ALLOHED bETWEEN MICROPHONES 00_60
C bLLIH -- MINlHt_R ANt,ULAR _I5]AN_E ALLC_ED _E]HfiEN MI_DPHONES)|DEG)G05b_
C 1MIN - HINIMUM _OuNU FUR THEIA 00562
C |MAX -- MAXIMUM BOUND FOR 1HE]A 00563
C 00564

DATA X_IN / 0.0 It XMAX • IZ.O It OELA • L,O I_ DELR I L.O /_ 00555
I DELTH / 11.5 /_ left, / O.O /_ ]MAX • 360. • 00_66

C 00561
C MICRUPIIUNE LULAIION DEFAULT VALUES 0056_
C O05_q
C ND - NUMBtH UF |NIIIAL FIXED NICROPH[]NE LOCATIONS 005_0

XM - A_AL GDHP_d_tNI_ Ut M|LRHPhU_E LuCA]_UN_ _o_TE
C RM - HADIAL L[_HPI)NLN1S lIE MJCIIOPHUNE LUGATIflN5 005?2
C ]HM - AN_UL&R CUHPUNiNT_ UF M|CROPI_NL LtLA_|ON$ 005_3
C 00574

DATA NU I I /t XM / 5U$U.O 1_ _M • 2_5.0t 4etO.O •t 005?_
[ THH / 5050_0 / OOSTb

C 0057T
C ST UCHASTIG _EAKLII DLFAULT VALUES OGb7#

005T9
C IPT - PRINI INDI_A|UR FOR SEAH_IIES 00%B0
C N_VH - HAXLHUM _UMUER OF _EAR_IIE_ 0058|

,11
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• 1978009122-TSD01



PKATT& Wtt|INE¥ AJRCRAIT U|V|SION Vl!R 07/2S/77
$C,PANLIIt,L4 9,0 J2,_0,00

C. NVAL - NUNBIR OF EVALUATIUNS PER SEARCH 00562
C IXPNT - EXPUNLN1 DF TULERANGE | ,_..G. TL1L m |Oe 01, [XPNT | 005R3
C NIAB - NtlHOLR UF LIIHLNIS IN ULTERM[NANI TABLE 00506
L N51 - NUMllLR [ul- tLLNJNT$ 1U U[ U_ED IN CALCULA||NG S_ATI&T|(,S 00505
C NVAK -- NUMULK Ut JNI)EI'LNULN1 VARiAbLES 005b6
C OUSb'/

UA]A IP] / 0 /t NSRII / _0 /e NVAL / bUO /e |XPNT / -2 Ii 00500
1 NTAB / 30 /t N$1 / 30 / 00509

(.(]MMLIN I_.[ AHi:II/ NVARt UUH(6I 00690
DAIA NVAK / 3 / 00591

C 005_2
C PRUBL L)IFAUAL1 VALULS 00593
C 006_4
C NPRUU - MAX|MUM NUMBER [.IF PROBES ALLUWEO IN DUCT 0059_.
C MI'ktJB - MAXIHtIM NUHBEK OF RZCRUPHONE$ PER PRUBE ALLONEU 005966
C 00597

DATA NPR[IB / I /e NPROB / | / 00598
C 005_9
L GENERAL PlaIN] Ot_IAUL1 VALUE_ 00600
C 0060 [
C ]LMU - PRINT ]NDICAIOR FOR CHARACTERISTIC E-FUNCT|ON VALUES 006.02
C OO60_

DAIA ]EMU / 0 / 006_4
C Oobob
C flESSEL FUNLIIUN VALUES 00606
E O06bT

LKJMHUN /BLSSL/ I)UMZ|2)t DELKNUe TQLt NEt PI 00600
[JA]A hLLKMU / 3.0 /t |OL / *0001 /t P| / 3=14|593 / 00609

L 00610
C ANbIJLAR {.LINV[Rq-I[JN VALUES 006611
G O061_
C DLGkAU - ULbR[E_ TU RADIANS 00613
-" RAI)DI:C, - RAOIAN5 10 DEGREES t 00614
C 00616

CCMH(fN /ANGLES/ UE(,RADt RAODEG 00616
DAIA OIbKAD / O,OJ. 14_)_ ./I RADDEG / 51,29S78 / 00611

C oo6lu
CIt/4PLLX ONEo ZLBOo DUN3 006,19
CtJHHUN /MATKX/ NOIM1p ONLI ZLROe DUH3125011 006620
i)ATA tiNS / |1._O.) /t ZERO / IO.tO.) / 006621
I_NU 0062_ -
_U_sRUUIINE [MUI_ALI RPRIMEt LNUI NHOOES ) 006Z3

C 006624
C THIS _UBkUUIINL LALCilLATL$ NMUDE$ CHARACIER|STIC E-FUNCT|ON VALUES FORO062_
C A PAk|I(.UIAH RAUIAL VALIIL_ KpRIFL. 00626
C 006Z 7

(IIHENSILIN LHIII 1) O066ZB
LI.,HHLJN /Rf,/IqLI/ KHtllbOlt QMUI50| 00629
LIINHt,N /NUK,L_/ M(|l)L150)t UUH2IIUO) 00630

(UHMUN /BI $_L/ 1%IGNe J$|bNt I)ELKHUe TOLt Re Pi O06:31
I_|AL RHll 006_
[)U _0 |_leNM[IU|S 00633

M = lAItY(MOObll) ) 0063_

I i

1978009122-TSD02



( IN,\ , v=_C_, I,g

• _l VO()I{ ¢,_IIAj,Fp¥i
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ISILN • I 00635
1_'( R ,NIl. 0 I ISIC, N • MOOEIil / N 0(_36
IFI ISIGN .GE. 0 ) GO 10 ?0 00637

b 00636

C NL(,AIIVE RODE NUMULR. IF EVENt SIGN OF 8ESSEL FUNCTION HILL BE _10 IF 00639
C Ui|Ut _I(,N [IF I_E_SE1; I-ONGIION WILL BE -1. 00660
(_ 00641

IF( ( M / 2 ) • 2 .EQ. M J ISIGN " ! 006_2
20 1;UN_] a KMUII) v RPRINE 00643

C 00641*
C CALCUL_TL UE_SLL FUN£11UN$ OF I-1R_1 AND SECOND KIND FOR 'KNU(I)_RPR|ME 00645
C 00646

CALL B_J( CUN_'T_ H_ _HJt 10Lt |ERE | 006_'(
CALL B_$Y| CONSTI Rt 1;HYt lEE2 ) 0066R
iMJ _- |SIGN • LMJ U0649
tNY = ISIE,N • LM¥ Oubsu

C 006_1
C CALCULA|1; [HARAL1LRESIIC E-EUNLllON 00652
C 00653

EMO([) • ERJ * _NU(I) • LRY 0066 _,
40 CUNI ]NUE 0065S

_9g KL IURN 006_
Ei_) o06__7
FUNLIIUN FALZ]P IFUNCTt AL t BR . TOLt ROOT! ITERt YV) 00658

C 00659
C LORRESPtlND_ ILl OLD VERSIUN (FAL$IE) ARGUMENT LIST AS FOLLONS ITHIS IS 0G660
C FOR JNILRNAL PURPU'-1;S UNLYt IN USE THE 1WO ARE INIERCHANCLABL_I. 00661
C 00662
C EONLIII]N FALSIE IAXR_ XXLt XXRw TOLe ROOTI IIER! YY) 00663
C 00666
C 00065
C IttlS ROUIINL U_L_ A C(g_BINAIIUN ElF EA1;_L POSITION AND BISECT|ON 00666
C 1LCI_N|OUES 10 SOLVE; ELIR A RuIJT (oRL)iJ|t| (IF A GIVEN FUNCIION t 00667
b | efbNbl '| HHII.H HAS ON1; AKGUNEN1 |THE INDI PENDENT VARIABLE)e 0066_
C 00669
C CAL.UR _ L)1;FINE_ 111[ INIERVAL 10 01; 5LARCHLO. O0/_TU
C 00671.
C 1HL VALUE R1;1URNED bY THL FUNCTION 15 FALZ]P° FUNCT|FALZ]P| J ROOT 00672
C 00673
C IHE SEARCH CUNI|NUtS UHIIL 3NO $Ut$_.EUuEN_ GUESSE_ ARE _iIH|N STO$.° 0067_
C OF EACil 01HtRe t)R UNIIL ']ILR' |lERATIONS ItAV[ 1AK(N PLACE. 006"15
C 006_6
C _YY_ 1_ RE1URNE[) AS FUNr|IFALZIP)t AND blllllJLU BE C1;USL 10 eROO1e, O06"IZ
C O0_TR
(_ IH[ 1E_hNI_UE HA_ AOAPIED FKUN AN RLGL_ SUHRUUIINE APPEARING IN _HE 006"/9
C _OHPU1EH JlllJRNAL 12 (]'gb_)I _ eE|GtHVALULS UF AtX _ LANBI)A_BIK Ou_(I
L HI]it I;ANU _YMHEIR]C A AND U e BY G. I'EILRS • J.H. WILKINSON O06tl|
C OOoB_

EXEI RNAL FLIN_,_ 0_1(_63
REAL |N1LRP 006B_
INKI1 _ b, 006{,S

C 006_6
C J l', l.[)ufdlUI ilLRA|IUNS. 006h_

1978009122-TSD03



PRATT [ WIIITNL¥ AIRCRAFT DIVISION VER 0T/25/77
SL.PANL|6.L4 9.0 12.50.00

I d ; 0 00688
A _ AL 00659
h L bR 006_0

C 00691
£ EVALUAIE FUNCTION A| LEFT (k| AND RIGHT IB| BRACKEIS. 00692

AF _ FUNGT (A) 00693
8F = FUNCI (01 00696

00695
C THE FULLOHING (IH_OUGH STATEMEN1 3) DETERMINES IF THE PUN£T|ON I$ OF 00696
C UPPb51TL SICA1 AT THE ENOPOINT5 GIVEN,,-- 00697

)SW _ I 00698

IF (bJ"- ROOT) 2t 75t 5 00699
2 ISW = -I 001C0
3 )| IIAF - ROU]) • ISW) 50l UOe 85 00]01

L 00702
C SIAIEMEN1 b LblCR,EMERT_ THE COUNTER J; F|RS7 TIME THROUGH _ TO 50* 00103

5 J _ J * 1 00104
£ 00705
C IF LIFT BKACKLT HAS *SAME o FUNCTION VALUE AS RIGHTe USE BISECTION. 00700

UlhlKWibEt SEI UP INTERPOLAILD POINT FOR POSSIBLE USE_ OOJUT
If (Alia(lAP - bF)/fF) - 1.E--57 lOt lOe l_ 00705

)0 lflIEkP ; bISECT 00709
_ll 10 2o 00710

lb INILHP = (A*KF - U*AF t IB-A|*HUOI) / IUF-AF) 00111
007L2

C iF Wlltlir_ A II)LERANCE OF 1HE BRACKET 01 MOVE TIlE INTERPOLATED POINT 00113
C lINt |OLLHAh_t AWAYe 00714

20 IF I(AbSIiN1LKP-OJ/ABSIINTERP+B)) -2.*TOL) 22#23t23 00115
22 1NIIKP - 6 * IC - 81 / ASS |C - 87 w TUL 00716

C 00717
C SEt A_B lit IS ALWAYS THE POINT WITFt SMALLEST IkE$) VALUE OF FUNCTION.bOll8

23 A _ 6 00119
AF L 6_ P 001_0

C 0072I
C USE PUIN1CEUSEST TUB IINTERP OR BISECT) AS NEW B AND EVALUATE OF. 00722

IF IIINTEKP - elSECII * 10 - INTERP)) 306 2St Z5 b0113
2'_ 8 _ IN]LRP 00724

GO IU J5 00725
30 E _ DIStil 00726
_5 BF ; FUNLI(5) 00127

fFMk _ UF - ROIJI 00720
C 00729
C IF tF 15 UN 7HE SAME SlOE OF THE ROD[ AS 6F9 LET POINT [ • POINT k. 00?30

40 IF (ILF - ROUI) * BFNR) 55t TSz 50 00731
50 t _ A 00732

CF = At 00733
¢. O01J_
C IF tF 1S t.LN$ER lABS| 10 ROOT THAN _F, SWITCH POINTS 6 AND C. OOYb5
L IN ANY LASh| H AND C ARE IHE 1WO URACKET$. ALSO OF IS CLOSER |U THL00736
L H_D| I/JAN CF IS* 001_7

55 IF |AU_IUF - KUO11 - AHSICF - ROOT)| 601 601 _7 001_8
51A _ 6 OO7_5

AF _ OF O07_0

'1
J

.I.I i
I

t 'J
J

!
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0 " C 00741
BF - GF 00?42
C • A 00?43
CF _ AF 00744

C 0074_
C SET UP BISECTI_ POINT. IF CLOSE ENOUGHe FINISH UP_ QTHERNISE GO 007¢6
C BACK IF IIERATION CUUNT DOESNeT EXCEED RAJ_IMUR. 00747

60 E|SECI E IB t GI / 2. 00745
IF IIABS(UISEGT-B)/ARSIGISECT ¾�x�-2°*TDL)75tbSt65 007¢9

65 IF IJ - ITER| St TOe 70 00?50
?0 _RITEIIRRITwlOOO)JeUeRFwCtCF 00751

1000 FURMAT |IHO/// 30Xe °IN FALZIPt AFTERet |4e t ]TERATIUNS' // 00"152

1 IoXe °BRACKET I : tl GlS.8t _Xt eFUNCTIDN = me G15o5/ 00753
2 1OAt e_RACKEI 2 = De 615.8t 5Xe eFUNCTION = Ii G15.81 00754
3 bXt I_RALKE1 I HAS KE1URNEU AS RESULT.S| 00725

?2 FALZLP _ [_ O07_b
YY = bE 00757
REIukN 00¥5U

80 FALZJP _ A 00?59
YY = AF 00760
RETURN 00761

85 NRll_IIWRITvliOO)ROO1oAtAFtBtOF 00762
1100 F_kMA? (IO*_IN FALZIPt ROuT GIVEN (=tt G|5.5I I) OIDNeIT FALL B5100763

INL:N VALUES OF FUNCTION AT BRACKEV_ 61VENt**ll 00764
Z |OXt °BRACKET I = °t G|5.Et 5At IFUNCTION R t e G15.8 / 00765
3 |O_t °_RACKET Z = It DIS.R| 5Xt IFUNCTION = I t G15.0 / 00766
4 ¢OXe ITERM|NAT|NG HUN t | O0]b7

SlOP 00768
END 00¥69
SUGKUUTINb INPUT{ lEND | 00770

£ 0077_

£. THIS SUURUUI|NE INPUIS IHE RATA REQUIRED FOR THE EXE£UT|DN OF A CASE OO??Z- 00773
DIMENSIUN MXMDbE(50)I ]SAVEISOt3| 00774
CUHMUN /DFAUL1/ NLUCe HTRt OR| LNXt FRQe N|SOie MUS(50|p |DIRlSOieOO7?5

1 LUr_DNOo lEMUr XMINt XMAX_ DELXt OELTHt 00776
2 UELRe NDt XMI§O|e RMISOJt THNISOIt |PTt NSRHt 00777
3 NVALe IXPNTt NPRUBw HPROBt NIAUI NSTI SPEEDt TMINtO0778
4 7HAA 00779

COMMUN /CNSTNT/ NMIKESe NMOOESt $|GMA_ Bt MAt FREQt Ae OMEGA 00700
G_MUN INDUES/ _UIpE(50)_ MU(5Olt XUAVEISO| 0078|
COMH(_N /UbSSL/ DUMLISIe Pl 00752

CO_ON /ANGLES/ _EGRAUt HADUE_ _ 00f83
C_MM_N IEMUS/ LHtIt_OtSU)_ IEMPRT 00784
GOHMUN IUUUNUSI XUUUhU(2_SU| I KUOUND|2150)_ 18_UN0|2150)1 XAI ABe 00785

I THMINe 1HHAXt XLIH t KL|Nt TIILIM 00766
CUMHL_ /M|hES/ NDIMt X(_O)t RlSOJe 1HE|A(50) OOlb?
GOHMON /SEA_LH/ NVARt |PRNTe NSRCEIt NEVALe |EXPNTt NTABLEt NSTAT 00755
CGMHUN IPHUUES/ |HALL| ISAME_ NPROUEe NNPROB 00?09
COMHUN /LUNbIN/ UUUU_N 00#90

0079|
NAMLL]_T /|NUATA/ NL[J_t H1Rt ORe EMXt FR_ Me MUSt IDIRt CONDNDt 00192

I |[MUI XMJNI XNAXt [}ELX| OELTN_ UELRt OO?_3

1978009122-TS D05



PRATT & MFIITNEY AIRCRAFT DXV|S|ON VER 07/25/TT
SC.PANL]b.L4 9.0 |2.50.00

2 NUt XH, RHt THMt |PTt NSRHI NVALt IXPNls 00794
3 NPROBs-.B.EROB.t NTABe NSTt SPEED* THZN, THAX 00¥9_

REAL MX OOl9b
lEND = 0 00797

KEAO(St|NDATAjEND_9998J 00798
C 00199

_HANGE |NPUT UNITS 10 INIERNAL UNII$ 003U0
C OObOl

GOUDCN = £DNONU 0000_
NRIEE$ = NLOE OOb03
NMUUE$ _ NLOG 00004
SIbHA = H1R 00805
b • OR 00uUb
MX = EMX 008OT
FRLU = F00 00808
|EHPRF = IEMU OOb09
XA = XMIN 00_1U
X8 = XMAX DOSE|
XLIM = UELX 00612
RLIM = OiLK 00813
THLIM = UEGRAD • DELTH 008|4
N[JIM = NU 00815
IPKNT : IPF 00q16
N_kCH = N_RH 00817
NLVAL : NVAL 00818
IEXPNI : IAPNI 00819
N_kUBE = N_RU8 00020
MNPRLIB = HPROB O0b_l
NTABLE = NTAfi OOq_Z
h_lAl = N_ 00U23
|hHIN = (_LGRAO * TNIN 80026
It_AX = _tbRAD * 1MAX OU_Z_
A = _PLLD t 0002b
DU 20 |=I,NNUDE_ 00b27
Mt;[IEIII = M(I) OOUZ_
_UIJ) = MU$1|) 00B29
ihAVEIII = IUIRI]) 00030

20 C_NIlNUE 00831
_0 _0 I_|¢NDIM 00b32
All) = AN(l) 00133
OIll : RMIi) 0083_
ItltlAII} = THNII) * DEGRAD OOB_5

40 kbNIINIJE 00B36
C 008_7

ORI)ER Mll[_E NUMBERS FR_M LARGEST TO SMALLEST, ALSO ORDER RADIALS NI|HINGOb30
C EACH NU_L NUMBER FROM EARGE_I TO 5JNALLEST 008_9
C 00_0

It( /_UOES .LE, 1 ) GO TO 280 008_|
DU 50 l=l._O 0004?
MXN(lt,| ([| • I 008_3

50 L(_IINUL Ob8_
bu Z_O I=2,NMOUES 00065
MAX = M_NUDEII) UOqb6

1978009122-TS D06
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PRkTT _ WHITNEY AIRCRAFT DIVISION VER 07/ZS_
$G.PANLIU.L4 geO |2.50.00

32U GG_ITINUE 00900
GO TO 9999 00901

C 00902
G END UF DAIA SE] 00903

00904
9990 lEND m | 0090b
9999 REIURN-- 00906

END 0090?
$UuROUlINE KHUCALI VALUEJ DELTA. KMUt RI6HT ) 00908

G 00909

G 1HIS SUHRUUTINE GALCULAIES 1HF.--COARACIERIST|C NUMBER. KNU 00910
C 00911

EXIERNAL BESLI, BESL2 00912
LUHHC_i /CNSTN]/ UUHl12|t SIGNAn DUN2IS) 00913
REAL RHUo LEF1 00914

30 |PLUS = 0 009|b
|_INU_ = 0 00916

3M IF( SIGHA | 50. 40, 50 00917
C 00918

40 KMU m BESL21 VALUE | 00919
GO TO 60 00920

50 KHU = UESLII VALUE ) 00921
C 00922

60 IF( KMU ) 80j 65t 70 00_3
65 RIGHT _ VALUE 00924

GO I0 130 0092_
70 |PLUS = I 009?6

GO 10 90 0092?
80 1MINUS = I 00928

L 00929
C DEIERHINL IF LEFT AND RIGH1 flRACKETS HAVE BEEN FOUNO. 00950
C 00931

90 IFI |PLU_ .E_. I .AND. |HINUS .EO. | | GO 10 100 _ 009_2
C 00933

BRACKEI$ N01 FOUND. RECYL_. 00934
C 00935

VALU_V = VALUE 009_6

VALUE z DELla • VALUE 00937
GO TO 3b 00939

G 00939
C BRAGKE1S FOUNOj CALCULAIE KMU 00940
C 00941

100 LLFT m VALUSV ,. 0094_
R|bHl R VALUE 009_3
IFI SIGHA ) 1101 120. |lO 00944

E|O KHU _ FALZIPI BESLI, LEFT* RIGHTo .O01t OaO. TS, VV ) 0094_
GO TO 130 009_6

120 KMU I FALZIPI BESL2t LEF?t KXGH?w *O01m O*Ot TS* VV ) 0094?
I_0 REIUKN 00948

END 009_9
SUbROUtINE KQGA[ 00900

L 00951
4. 1HIS 5UHROtJIINE LALCULAIES 1HE CItARAC11RISIIC NUMBERS KNU AND QRU 00902

k

ORIGINAL PAG_ L_3
i_ OP POOR QU,_J.'E_I
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PRATT & WHXTN_¥ AIRCRAFT OIVlS|ON VER OT/2_/T;'
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0O953
COHHUN /MODES/ MOOb(SO|t _U(50|t |NAVE(SOl 00954
CONHbN /KOMU/ KMUISO)p QMU(50) 0095_
COHMON /BE&ELl |SIGNw JSIGNt DELKHUe TOLt Me P| 00956
LCHHON /LN_1N1/ NM|KES, NMOOES, $ICJtA. OUH2iS) 00967
R[AL _NUe hMUPRH 00958

C 00959
00 100 I=|tNMUDES 00960

C 00961
G CAL_ULAIE UKUER FOR UE&SEL FUNC]|ON EV&LUAJ-ION 00962
C 00963

M = |ABS| MODE|I) ) 00964
IF| M .NE. 0 | GO 10 10 0D966
ISIGN = I 009&6
3$1GN = -1 0096?
BKAKIL • .1 00968

GO TO 20 00969
10 |SIGN = MOO]f|| / H 00970

JS|GN = |SIGN 00931
ERAKTL = M 00972
IFI L$/GN °GE. 0 | GO TO 20 00973

C 00974
NEGAI|VE URDERo |F EVEN. _]GN UF _EL FUNClION M|LL BE _l. |F DUDe 00975

C SIGN UF _LSSEL _UNCIL(_ WILL BE -1. OGVT6
C 00977

It( I N / 2 | * 2 .EQ. N | I$IGN • I 00979
C 00¥79

20 NLIHHUS a MULE| 6 [ O09UO
L 00981
C £ALCULAIE CHARACTERISTIC NUMBER KNU CORRESpONO|NG TO MOOEII| AND MU|1)00962
C 1HE VALUE UE KHU MILL Ub ]HE HUrl)rE RO0] DF 1HE EQUAl|ON DEF|N]NG 009B3
G Ii4_ _Y$1EH OE SIHULIANEUUS EQuATION_ 009_4
C t OO9_b

K_JPRH m 0.0 009_6
OU _ J=|eNUHMOS 00987
IF_ H .EU. 0 .AND. J .L_. I | GO 10 60 009U8
GALL KMU_ALi OKA_TLt DELKMUt EMUPRHo BRAkTR | 009B9
B_ARIL : flRAKTK 00¥90

40 C0NIXNU[ 0099_
KMUII} _ KMUPRH 00992

00q93
C CALCULAIE CHARACILKI$IIC NUflBER UMU CURRESPCNOING TO MUD]Ill AND MU|||0099_
C iF 1/4L HUU/I|P HAllO iS ZEROt SE1 gnu 10 ZERO AND CQNT|NUE 0099_
C 00996'

_| _i_R_ | 60. 60_ BO OovvT
60 _MUI/) = 0.0 0099B

GO 10 100 00_99
80 lFI KMU|I| ) 90. bO. 90 GIOO0
_0 CArL _lSJt KMI]P_t _-_51(_1. _11 ]Utt IrK I 0100L

EHHl n ISIGN $ J$lbN m _HMI 0100_
CALL BC_J/ K_U_'KMt H. [MJ_ 1ULt IER2 | 0|00_

CAll..LSY| _MtlPHMt M t ]MY. IER3 ) 0J006
]HJ _- Iblt,N $ _HJ 01006
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PKATT (, NiI|INtY AIK(.KAFT O|V|SlCiN VER 07/2-_*'77
b_,.P ANt [l_. L_t 9=0 |Z._O.O0

|MY = L._|_N • LHY O|OOb
(ALL BESY| KHIIPKM, R-J_i(.Nw |_VM|t LiaR41 ) UIt)U7
t_Hl = I.',IUN * J_lt.N t LYHI 0100t$
a ;- LMHL - I H ,I, J$|_N * LMJ | /' KMUPRM ULU09
H k IYH) - | H m Jb|t*N • |MY ) / KMUPRN OIUIU
5]I_HAK _- 5It;HA Iz KHU}lltN O|O_X
(.ALL bt_;J( :zJGMAkt H-J_|(,Nt LHM|t 1ULe X[RD ) U)U]_
(.ALL It|S J( _.i(,HAKt Mw Ill,It |(;tl It.Kb | O|UEJ)
|ALL IH'_Y( SIL,MAP. t Ht LMY+ ILK/ J OLOl4
(-ALL I_t3V( _Lt;HAKt M'-J_l(,N, tYHlt 11K8 I OlOLb
L.L_ML -* lShN • Jb|i,N • LMHI Oli}lb
LYI_I = I_LL.N • JF, ttJ_ • cYHL O|U|;
IHJ _- l,%Jbhl # I. MJ 0[01B
LH¥ _ l%lb_ • LH¥ 01019

L L t+_l - I H * J%IGN • |H.I ) / $|C_AK OIU2O
b = LYHI -. I .q $ d._ll,hl Q LHY ) / $|GMAK 0).021
+mtllll - - I A * L * %I(,NA ) / I Ij + D t, SIGMA ) 01022

I<)O tt.NIINLgL 0101+3
9999 RII(JKN 010i'_

t ND 010 Z 5
_Ut,KL_I l hE+ PKINT 010, +(+

L GIu_ +'/
t_ It(IS _LJt_RtILIILNI PKINIS LNPUI AND f-ALCULA1LD VALUES OIU_U
C 010,)6

(Ut_HtlN /(.NSINI/ NMIKLS, NMLIDES, 51t_tAm Bt HX, FRLQ* A, OHt-GA 01030
(t,M_L,N /MIlL)L+%/ MtttlLIbO)w Mtll%O)p lWaV_lSO) 01031
ttf%'_tN /ANt,El S/ I)LbKAD, HAi,I)Lb O_(_J,

Ci,_H(d_ ,'tll)l/Nl_:_/ XI_IMNL)|2tSO), KI)UIJNI.)I_)thO)_ ILtL_NDI_,_0)_ XAt XB_ 0|u.)3
1 II_MIN. TI_AX. XLIHt KtlMo TtfLIM 01034

( (IMMLIN /{MI+J_/ LMtJ('_t)+"_O) I I_MI'I_I OICP:I_
_t)_t_t_h /t_lt_t_f NdlH, K('_UIt K(50|t II(EIA(50| OlO..4b

tl,r_hlnl /_l AKLtl/ NV;,K. II'_NI, NSKLIIt NtvAtt ILXPNIo N1at_Lt., N_1".1 t_lO+_l
;'(_Mt_, /WAVLN(I/ k)_|%tt| OIUJt_
(t_Hl_ /k_Hill kHtll:,U)t UHtI|50) OlOJ9
Rt t,t _X. kMU Olt)6O
LiCIPLt_ b.Xi KXANGL 01041

L 0106; +
(_ f.L1NVI._I INILhNA| IJP/ll5 111 O|)|)'1;1 LiNJT_ OlO+t3
( 0 1lJ 4+._

_l<l IN _ RAL)I_L(_ * IHLIH 0|06_
lh_lN _ KAfID( t; • IIiNIN O106_,
IIIHAX = KADIIII+ • IHMAX Ol(J_7
Llll _U J-_eNML[%L_ O|O&( 4
t,t_ ,'0 i-l,2 010_+9
_htliJNDll,.l| • KAt)L)Lt; • 1BtillNbl|tJ| 01UI, U

_*0 t UP,IT]_4t+lt _|0% l
lilt 1AIJ| _ KADDtb • lid |A|J| (J|ub_'

At) t I +++lIN_I_ glu_3
t. 0100 _*
L I.IJNV|_(I ANY NII,AJIVt 4N(,IIS |U PI)_iIIIVL AN6LE$ FOR PR|NI|NG O|u%')
C O|O*_b

(.At( At_(.l'(|_,( II(I:IA* _NlKt5 | 01051



pRATT & WHITNEY AIACRAFT DIVISION VER 07/25/77
$C.PANLIU.L_ 9.0 12*50.00

£ PRINT |NPUf OlOb9
C 01060

WK]TE{6.9000| 01061
9000 EORHATI tHis T66t o¢_¢ MICROPHONE LOCATION COMPUTER PROGRAM ¢$¢'0106Z

1) 01063
WRllE(6t�013| 01066

9013 FUHNATI //. T56t I..o INPUT VARIABLES ...i | 0106_
HR]IL(bs�UOl) NMIKES. NMODES 0|066

9001 FORMAl( //. T_. 'NUMBER OF MICROPHONE LOCAT|ONS : % 12o TSlo O]ObT
It h_JHULR OF |HUUE.MU) SETS = '_ I2 | 010bB

HR1TE(bw_U02 } 01069
000_ FOI<HAI| //w IX. e... INPUT MODES ---'t //. 151 'MODE°t TE6. 01070

IILiKLUHFEhLNT|ALet T3¢t 'KAD|ALSt T671 eNAVEet 1611 'AXIAL NAVE NUOI07I
ZMbLKOo I_9. e_MUie /, T16. DHoDE NUMUERit T36e tOkbERte T6?t OIGTZ
3tlNDICATUK°o T6_t bREA[ee TTIe ¢|MAG|NARYne / ) 01073

DO _0 I_I.NHOUES 0107_
KXAN_L = RAOO_ $ KXI]) 0107_
HKJ11(6t90031 It HOD|l|). MU||)t INAVEII|s KXANGLt KHU|I) 01076

9003 SOl, MATt bXt 12t i11. I6t 13Xt I2. IUXt IZt 9Xe F10.6t LX. F|O.6t 01077
lbXt _10._ ) OlO?a

_0 C_rIIINUE 010_9
WR|I_(_t900_| SIGMAs Be MXs FRE_. Am OMEGA 010_0

900_ FORMA_| ///o IXt e..e lEST GEOMETRY AND CONOITIONS ...st //t TS_ 01081
lO|lUb / lIP RA110 = t_ F8.31T62e 'OUTER KADIUS OF OUCT • ut F_.3s 010B2
210_. oAXIAL HACH NUHUER = ¢_ F8.3. /, T_t eFREQUENCY _ e, FlO.3e 01083
3147. tS}'L_D _JF $[UNU = st E9.21 TR¢t IRAUIAN FREUUENCV m'l FIZ.3 )01Gb_

HI_|rLI6_U06) NVAKs NSRCH. NEVAL 01085
9006 FOI,HAi| ///s IXt mo.o SIDLHAST|_ SEARCH VALUES *.el. //t T_t 010_6

Itf.UHDER _F VAKIAHLE$ = °s 12_ 1421 tMAX|HUH NU_EK UF _EARGHE$ • '01087
_. ]_t 1h41 ONUHbER OF EVALUATIONS PER SEARCH i e t 15 | 01088

wRIILIb_9_OT) 01089
9007 FUHHA;{ //t lb_ eR[CROPH(L_E't Tb�. 'PARAMETER BUUNOSitJ@ T20| 01090

|tM|N|HUH X°t _Xt 'MAX|MUM Xet _Xe ¢MIN|MU_ Re. 6Xt IMAXIMLIH Ret 01091
2_Xt 'HINJHUH 1HEiA j . 4XI tMAXIHUH ltlETAOs / | OI09Z

DU |UU J_2tNM]KES 01093
NK|ILI6e_U08) Jt ( XUUUNDiI_J),I=ltZ )e | RBUUNDIItJ)eI_lo2 )s 01094

1 I TUUUNDIItJ)t|_i; 2 | 01095
900U _OKMAT( CA. 12t 3Xe _(IAt_7.3tbXtF_.3)t 9X, F?.3, lOXe FT.3 | 01096

10(; LONllNUE 0109_
010_

C PRINT MILROPHUNE LOLATION$ 01099
£ 01100

NRIT_|b_9000) 01101
NRIIE(61900¥) 01102

9009 FbKMAI( //o 1Xe e... CALCULATED MICROPHONE LOCATIONS o..tt //e TSt01103
ItMICRUp|I_N[It I_S. 'X'. 1621 °RUt 15?t OlHETAOe / ) 01104

O0 |_0 |_|tNHIRES 0110_

NHIIE|6t�U|U) |t X|l)t R(l|t THETA|I) 01106
9010 _,I{HA_I 6Xt IZ. 9Xt 31FI2o6_SX) ) OIiO?

C 01109
C PRIN1CHAHACIERI_IIC E-FUNCTIUN VALUES IF RE_UE$1ED OlllO
C Ollll
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PKATT & WfflTNE_ AIKCKAFT OIV|S|CJN ¥_R 0?/2_/??
SC.PANI|BeL4 9.0 I_,_0.00

Ill ltHPHI .tE. 0 ) GO TO 9999 01112
_RIIEIb_9OII| | le|EIeNNODE$ } 01113

Y011H)KHAli III/, IXt ¢... ClIAKACTERISTIC E-f-UN_lIDN VALUES |F|NAL SOL01||4
ILI|/I)_ YALUJ_) ...st //_ IXt OLUCAIIUNe# |68_ IHOD[_ll /t _Xt 0111_
?lS(6xoi?). / ) 01116

I,IJ 1_() J;IeNMIKE$ 01117
h_IILi_tYOIL) dt | LHUIIIJ).I=hNHODES | 0111_

9012 tL;_HAII _Xp 12j 5X_ 15(IX_FTo3) ) 01119
160 L_II_UL 011_0

C 01121
9999 KL1klRN 011_

END 01123

$bi_KUUI|NE $1UCH( FCTt |NDw WOR_ | 01124
UIMLh$1DN IND|I). NORK|I) 011_5
EXILRNAL F_T 0112_
CtJ_Ht_ /INiIL/ NPARHt NSERCNt NEVAL, NIABLEI NSIA], |SEEOe 10157, 01127

1 |LXPNT. IPKINTt ITYPEt LTt JTt |CNVKGg TO| 0112_
C(#IM(_ /INDEX/ DUNIIZ)w INDEXED ]NDEXSt INDEX6e InDEx? 01129
EONHON /SE[O/ JSLED 01130

C 0}131
L INITIAL|ZE PAkA_I_R$ fOR SEARCH 0113_
C 0113_

|ALL ]N]IAL| NURK_ IND ) 01134
£ 01135
C _EARLh LOOP 01136
C 0113¥

UU 120 I=I_NStRCH 011_8
JSiLU = 1SEED 01139

C Oll_O
C GENERAl! $TAl1Sl1C$ FUR 5EARTH I Oll_l
C 0114_

|ALL 51A1( _OHK. | I 011_3

C EVAL(IAF_t_ LOOP 011k5
C Oll_b

_ Ibm) J=I_NtVAE Oi|67
L 01140
C G_N_RA|E RANDUN PA_AMEIER VALUES 01169
C 01150

[ALL RAN[_t_HI NORK ) Ollbl

OIlSZ
C [VALUA1L FUNCIIUN NIIH RANuoN PARAHE_ER VALUkS 01153

bP = FC?| O. MURKI|NDEX?+I)t IE I 01155
C 01155
L IF FI_NCII_N VALUt: IGP) 15 MEANINgFuL UPDAIE G TAULE. IF NO? GO _ 1_ Ollb?
C N_X11VALUAllLIN OllS_

01159
IF( 1_ ._I_ O | GO ;U 100 U|l_o
LAtL UPI)AIE( NURKt I;P | Ollbl

100 (.t_;|_u_ 011_2

Ollh3 l

C PRINI RI 5I/L;_ (IF SLARL_t I JF R[Qt;_;_U 01|_4

. . .k .

1978009122:TSD12



• )f
(O)d,_._3,,,A, ;',',_,': IP

P_AI! I.. WHITNEY AIRCRAFT OIVISION YEA 07/25/17
5L oP ANL lb..E_. 9eO ),2.50.00

C 01165
ll'i IPR|N! .EQ. 2 } CALL PRINTT| WORKe I } 01166,

C 0116'1

(. It-ST ;'-UR CONVERGENCE. It: CUNVERGEO_ RETURN WlIH VALUES UF VAII.IAULES 01168
C IN 1tie EIR_,l NPAKH LLEHENT$ 01- HURK ARRAY.. IF NOlo GO (IN TEl NkXT 01169
L $EAKCIIo OLITU
C 01111

CALL CUNVRGI WORK [ OIIT2
IF| ICNVRG *Gl° 0 ) GO 10 14,0 011].3
NL_ALL = FCT| le NORKIINOEXT*IIt IL ) Oli'llt

120 LL*NT INUL 011 ]lb
C o11¥b
C PRINI KI'--ULI$ OF LA$1 SEARCH IF REQUESTED OII'IT
G 0111B

I It I - I 01179

l_,O IF( IPR1N| .LU. 1 ) CALL PRINTT| RORKI I ) 01|80
IbiS1 = l;'IX( NURRIINOLXA H�H�*o3 ) 01181
DtJ lbO lsltNPARH 011_2
JNDLX _ INDEXb • NIABLE * I I - I I 01183
WLIkK ( 1 ) f- NU_K(JNDEX �18E_TI OlIU_

16U LLJ_41INUE 0116b
I_;U( 6| = IbEEO 01186

C 01161
9999 R[1URN 011_

LNL) 011B9

SUhRtJUIINE lhillkLI NORKt IND | 01190

C 01191
C THI _. _UBHUUT1NL INITIALIZES PARAMETERS FOR 1HE STOGHAST|C. SEARCH 01192

C 01193
OIM[NSIUN I_ORKII)t 1NO|I) OllY4
LU/_tLIN /INIIL/ NPAKMt N$ERCtt,, NEVALt NTABLEj NSTATI. ISEEOt 1015It 01195

1 IEXPN1e |PKINTe IIYPFe LTt Jlt I(;NVRG, IOL 01196
LLII4HIJN /INIJEX/ INOLXZt INDEX3t INOEX4Jt |NUEXSe INOEXOt INDEX_ 01197
COMMK:N /LOOPS/ NLOOP 0119t_

C 01199
NPARN = ItID(l ) 01200
_tKLH _ lhtD(2 ) 01201
REVAL = 1ND 13) 01202
NIAtt LE = INDI_) 01 -)0:_
NS1A1 -: INt) (_) OI2U&
ISLED = INi)[b| 0120_
1DIST = INDI 1) 01206
I t Xpt11 _ ThE) 18 ) 01207
It'h I NT = IND|g| 0120B
IIYPE • INU{IOI OI2UV
Iht)t.X2 *, _ * NPARH 01210
IHDIX3 L 3 $ NPARM 01211
Itll,tX,_, = _ ,I, NPARH 01212
lhO[Xb = IN[)IXCt • NTAflLE 01213
INI)LXb = INIHXb �NTAULEU121_"
INL)l X7 - INt)lXb • NIAULE 4t NPAPJR 01215
NLL,UP = NPARN / "1 U12|6
Itl r • N|UOP .WIG NPARM ) NLOUP • I 4. NtOOP 01217

1978009122-TSD13



OR[G/I_AL PAC-_/8

PKA]I & WHITNEY AIRCRAFT DIVISION VER 0t/25/77
SG,PANLIb. L_ 9.0 12.50.00

G 0121u
LT _ N|ABLE 01219
JT = NTAULE 01220
IGNVRG = 0 01221
1UL = IO, ¢¢ FLOAT| |EXPNT I 01222
IF( NTABLE ,LL. I ) NIABLE • 2 01223
IP( N_TA1 ,LE, I ) N$TA1 a 2 01226
IF( NS1AT ,G1. NIABLb ) N$TAt z: MTABLE 01225
|P( ISLED .LE° 0 ) 15LED _ | 01226

G 01221
C SET tip Ke Go ANU P TAULES 0122fl
G 01229

DO 20 I:ItNIAHLE 0123b
HUI(_IIN[)LX_+I) = I 01231

20 CbNI|NU!- 01232
bO 60 I=I,NTAbLE 01233
Wbk_(INIJiXb*l) = 0.O 01236

60 CONII_U[ Ol_3b
LLHLNI = NIABLE * NPARM 01235
bU 6b |=1eLEMENT 01_37
Wf)kKilNDLXbe]( : O*O 0123_

60 CUNIlNUL 01739
9999 KE1URN 0126U

[NLp 01261
SUbHiJU|INE SLAT( NORKt 1SERCH | 01262

C . 01263
C THIS _u_kUul|Nb GENERATES THE STATISTICS REOUIRED FOR tHE SEARCH 0124_
C 01265

OIH_N_IUN NORKII| OIZ6b
CUhHUN /INIILI NPARMw DUMII2Ie NIAULEe N$IATt DUM2ID) blL47
LLffiHON /|NDEX/ INUEXZD INDEX3t INOEX6t INOEXSI INULXbl INDEX7 01268

C 01249
IFI I$ERCH .GIo I ) GO TO 4.0 _ 01250

G 01251
% FIRST SEAkGH - CALCULATE MEAN AND STANDARD DEVIATION FROM INPUt 01252
C PAKAPJblLR UUUND_ 01253
G 012_4

GO 20 I=ItNPARM 012_5
bL = WORK|I) 0125b
bR : WORK(NPARH*I) O1257
WURKIINDLX2eI| = .5 * I 8R • BL ) 01258
WLHK(INUEX3+I| _ °b * I BR - BL | 01259

20 (I(Jt4|INUE 01260
GO tO 9999 01_61

t 01262
C D[IERHINE MEAN ANO STANDARD DEVIATION VALUES FRON P tABLE 01263
C 0126_

_0 DO 160 J=ItNPARM 01265
JNOEX = INULX6 4 NTAOLE * ( J -- ! | 01266
PAVG = NORKIJNDEX+_) 01_67

bO 120 I=2,NSTAI 01Jbq
PAVb : NURKIJNUEX_|| 4 PAVG 01269

120 (.UNllNtIL O1270

_P _T L
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ORI(;(NA), j,,
_)l_' i,()_)R t:l, I,,:

• Qi/,kl.i'c_: .

PRATT & WHIINEV AIRCRAFT DIVISION VER 07/25/"/7
SC.PANLIUoL_ 9.0 12.50.00

PAVb m PAVG / NSIA7 01271
1I E XFIXI WORKIINDEX_J| �.3| 012_2
WbRK(|NDEX2_J) x WORK|JNUEX, I1) 01273
P_IGMA = O.O 01274
DO 140 I_|tNSTAT 01275
P_]bMA = (WORK|JNOEX_|) - PAVG | _e'2 • PS|GHA 01276

1_0 CUNIINUE Ot2TT
W_K|INDEZI_J) a $URT( PS|GNA / ( NSTAT - L ) ) 01278

_60 CONI|NUE 0|2T9
G 01280

9999 RL1URN 012_1
LNU 01282

SUBROUIINE RANDOM( WORK ) 01283
G 012fl4
C THIS SU, ROUTINE GENERATES RANDOM VALUES USED IN THIS EVALUA1ION 01288
C 01286

DIMENSION WORK|If O|2ST
COMMUN /|NIIL/ NPAKMt DUMII2|t NTABLEJ NSTATt ISEEDI IDlSTt 01268

1 DUM2|T) 01289
COHMt_ IINbEXl INUbXZI INDEXIt DUMI(3)o INDEXT 01290
COMMON /PROBES/ IWALLt |SAMEt DUM_(2) 01291

CUHMbN /LN_INTI DUMSI3)j 81DUM6(5) 01292
COMHUN /HIKt_/ NUlHt X(50|t RISO)t THEIAISO) 01293
COMMON /80UNiJS/ UUMT|30|)t XBj DUMB|5) 0129_

C 01295
DU 3_0 J;ItNPARM 01296
IF| ISAME .GT, O I GO TO 120 01297

C 01_98
G MODE NUMBER IS NOT IH_ SAME AS THE FIRST NODE NUMBER 01299
C 01300

iF| IWALL | _Ot 201 60 01301
20 IF| J .Lb. 2 ) GO 10 280 01302

N(_K(INbEXT+J) = 8 t 01303'
GO TO 9999 01304

40 IF! J .GT. 1 ) GO TO 2_0 01308
HORK|INDEX?VJ) = X8 01306

GO 10 360 0130T
60 IF( J - 2 ) 801 lOOt 280 01308
80 WORKIINUEXT4J) = XINDIM-I) 01_09

GO TO 360 01310
tO0 NL_KIINUEXT*J| _ THETA|NDIN-I) 01311

GO 10 360 01312

C 0|313
C MODE NUMBER lS ItlE SANE AS 1HE F|RSl MUOE NUMUER 01314
C 01315

120 IFI 1WALL | 160. 160t 220 01_16
1_0 IFI J .GT. I I GO TO 280 0131T

NORK(INDLXT*J) = _B 01310
GO TO 340 01319

160 IF( J - 2 ) 2hOt 1801 200 01320
IBO NORKilNUEXT*J| • O.O 01_,21

GO 10 340 01322
200 NORKIINDEXT_J) = B 01323

5_
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I'RA?I f. NHllNL¥ A]f,[_/4AiCY D|V|$IUN VER O?/2f)/77
S(.,PANI 11),i • 9_0 12 ,*JO,00

(;Q 10 9999 0132dt
•_,!o 2t_( ,I - 2 I 2Aot _6o, 2BO 0132b
2_t0 NLII{K (|N|)¢ X'/*J2 _ X |ND|H-| ) 01326

GLI I0 34_0 01327
Zt:U WLt_K(2NL)L:XT_J2 =, SIIEIA(ND|H-II 01320

GO TO 3,eO 0[32_
C 01330

L {,JNL/CA]E RANOUN VARIAUL/- 0]_3|
[ U1332

280 LALL $1VAR| 20151t |,p XXI ISLED ) 0|333
XX - tfUKKIINDEX;_*J| * XX • NURK([NDI;X3eJ| 01336

G 01330
C Ct'tfLt_. 2IRA2 2lie VALLII. OF xX IS N|IH|N REQUIRLU BOUNDS. IF NOl"e 01336
(. KLt_LhtHAIL k NIN VAIUt OF XX 01331
C 0[338

2f( XX - NItKf,(J| I 2_JOt 30(I. 300 0133¥
300 l_( _X - tItJRK2NPARHeJ) ) 32Ot 3ZOe 2'B0 O]3_U
.1_U WL:HKIItJtA X?*JI x XX 01361
_U |.I_Nf JNIJ| 013_

(. 013_3
_9'_ Kt 1LIP,N O13_*

tNtl 013_*b

bIh_VLIUI2NE tlPI)AIEI NOKKI GP ) 013_b
(. 013_,7
C flits %U(SKIJLI|2NL UPttAILS lilt G TABLE N|llf 1HE CURREN1 VALUE OF GP UlJ'_fl
C Ol3_V

I) IMr N_, 2UN WOXK| 2 2 01350
IIIMRI_ /2HI]L/ NPAHMe DUMll;))e NIABLI_e OUNtZIS)e |1YPEe L]'e JTe 013')|

2 IlllH.*,(Z) O1352
t,L}HMtlN /2NULXt |NL_t_X2 I INDbX3t INDEX&t lNt)EX_v INUEX6t INDEX'/ 02363

013S/*
I.A_TI. = It-IX(MLIR_.21Nt)IXftNtABLE) • o3 ) ot3._b
(,lt$I = NDHKlINDEXb*LA%1(,I - t.P _ UI3%L)
It( |2YPL =G|. U | blESt" = GP - NOKK(INUEXOeLA$TGI 02357

E 01358
E C[_Hl'AkL LP NITH 1tIE K(N}ABI}) LLt.NLN_ OF 1fIE G 7AIILE 01339
L 0 ]._bO

tel t,lf51 2 9_9_1_. _t)_qp 20 O|3bi
ZU K1 ;, LA$1G U]3h_

klUHF, IINI)tXS•LASlf,| = _,P 0|363
till '_t) I_|_NI_AKM 0236_
JNI)LX - 2NI)IX6 • NIAUI.E • | I - I | * LA$1G O136. _-
HLII(;_ { J/;tl_ X 2 = NUKI£( INDEXT*I I U1366

•,() /.Irt¢! 2NILE 0236"/
[ 0 l Jh|)
L D| II hHJNL PIISI|IIJN Ill- (;P JN G FABLE 01309
(. 01370

60 J2 _ Jl - I 0131|
NLXlt. _ |l-IX| HIIItKI2NDIX_*JI) * .3 2 UL37:_'
L,1ES1 _, NtlRItl2NItEXS*Nt=XlL.) - GP 0132t
It I 21YI't .(;i- U | (;SL$T • GP - NORK(|NDEXSeNEX1t;| 0237_

If( (,21S1 2 IOO. l_tt aO Oi3?b
flu 2tl dl .(,;, ! I GII |tl 60 01316

I
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poor UiJ,

PRAII _ WH|TNEY A|RCRAFT D|V|$|QN VER O1/25//7
SG.PANLIB. L_ 9e0 12._O.00

JT _ O. 01377
GO TO |20 01378

100 IF( JT .EQ. LT-I ) GO TO lbQ 01377
C 01360
C UPDAIE K (INDEX) ARRAY TO REFLECT ENTRY OF GP INTO THE G TABLE 61301
C 01362

120 HORK(INDEXGeLT) E RORK(INDEXG*LI-I) 01363
IF( JT .GE. L|-2 | GO TO 160 01306
LT = L1 -- I 013U_

CO TO 120 01366
160 WORK(|NOEX4*LT-I) s KT 01)57
IbO LT - NTABLE O]3_u

JT • N1ABLE 01309
_'999 RETURN 01390

END 01391
$UBRQUT_NE CONVRG( WORK ) 01_92

L 01393
C THIS $U_ROUIlNE TESTS FOR THE CONVERGENCE OF THE INDEPENDENT PARA- 0139_
C MEIEKb 0139_

G 01390
DIMENSI(]N WORK|I) 01397
CUMMIN /INIIL/ NPAIUqt DUHI(2)t NTABLE, DUM2(8)t ICNVRCt TOL 01396
Cfi_HON /INDEX/ DUN314), INDEXbe INDEXT 013_
COMMON /PHONES/ IWALLt I$AMEt DUMC(2) 01600

C 0160!

DU lOO I_ItNPARM 01_02
IFI ISAMb .61. O ) GO TO 15 01603

C 01606
C MODE NUMBER 15 NOT EQUAL TO 1HE FIRST NODE NUMBER 0160_
C 01606

l_t IWALL | 35w 51 10 01607
b IF( i .LE. 2 ) GO 10 35 Ol_OB

GO TO 100 01609
10 IF( 1 .LE. 2 ) GO TO 100 01610

GO TO 35 01411
C 01_12
C MDUE NUNEER IS EQUAL TO FIRST NODE NUMBER 01_13
C 0161_

15 IFI IWALL I 2oe 251 30 OlGkb
20 IFI I .EQ. 2 ) GO 10 1DO 01_16

GO 10 35 0161#
25 IFt 1 .GE. 2 | GO Iu tOO 01_15

GO 10 35 OI_E9
30 IF| 1 .LE. 2 ) GO I0 lO0 01620

G 01421
C CALCULATE M|N|NUN AND MAXIMUM P VALUE5 01_22
C 01423

35 JNOEX B INDEX6�NTABLE * | i - I | 01_2_
PRIN _ NURK(JNUEX+|| O]_2b
PMAX = PMIN 01626
DO DO J:2tNIABLE OI_2?
P = WORRIJNOEXtJ) 0162b

lFi P - PHIN ) _Ot 45t 45 U162_

';7

_', ....,.,.. "_" _ - ...... ._ ,.-
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PKAIT _ _HIIN_Y AIRCKAPI D|M|S|ON VER OT/Z_/TT
SG.PANLIb.L_ g.O IZ._O.O0

_0 PHIN E p OI_3D
GO 10 BO 01#31

_b IF| P - PMAX J BOt 80m 60 U1_32
60 PHAX _ p 0|433
8U LIINT|NUk 0|43_

C 01_3b
1E_T _ ABS( PHAX - PREN | / AMAX_| [-t AB$( PI_AX • PM|N 1)U1_36
IF! TLbT - TUL | LUOt lOOi q_gq OL_3T

lOO CDNT|NU_ 0_38

_JJNVERGLNCE £R|IER]U_ MET FOR ALL PARAHE1ERSe $_1 _UNVERGEI_E U|EMU
C INDILA]L_ Ol_l

|Lt_VRG _ I 01443
9_99 R_IURN O|k_

EhO OA_@b

_UtsK_IJI|NE $1¥AR[ Je E, Xs |B | OL_6
C ulna?
C _H|$ _Ui_HtlU||NL DE|[RH|NE_ RANDOH VAR|A_LE5 FROH E|_HER A N(]RI_,L OR ANO|_K
C _XPUNL_T|AL DIS_RIUUfLON 0$4_
C 01_50

IF( J .G1. 0 ) GO 10 1_0 Ol_,bi
C Ol_b?
C NIJR_AL DIbI_IISUH_N O]_b_
G Ol_b#

K _ 0 Ol_bb
GO TO 40 Ol_bb

20 K _ L _ K 0l_7

_O tALL RANU| RO_ |8 | Ol_5_
Kl _ RO Ol_b9

bO CALL RANDI K_ |b l O|4_O
|FI R2 - RL ) 80+ lOOe |OO Ol_b|

UO CALL RANOI RL_ LU ) _ Oi_bP
IF| RI - R2 ) boo 20o 20 Ol_b3

100 CALL RAND( K2e |_ ) O|_b4
FK _ K Ol_b5
IF/ K2 - .5 ) IZOo 14Ot 1_0-------_ Ol_bb

120 X : C t ( FK * RO I D1_67
GO _0 9999 OI_b_

GO _0 9999 OL4?O
C 01;11
C hXPDNENIlAL D|_RI_UI|UN O|_T2
C Ol_?]

lbO K = O 014_4
GO 10 200 Ul_l_

1_0 K = I + K Ol_Tt,
2GO CALL KANO| K(}. |_ ) OlAT_

K! = _0 0 I_?ls
_0 CALL RAND| RZt [U ) ULA19

I[| R2 - RE ) _kO_ 260_ Z60 Ol_O
_40 _ALL RANU{ Kit |_ | 01481

|_1RI - R2 ) 2_0o |BOo IBO bl_lS_
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OV ! _ ' ii

PRAT! r WtOIINLY AIR(.RAf| DIVISION VER 07/2_/'/'7
_C .pANL IU,,.E_ 9.0 12.bO..O0

X _ FK • KO Ol_tt_.
t, k tXPI X - .5 I X f_ X - +b ) OI+t_5
tALL RANI)I RZo IB I 01_11_

11-1 Hi j - G ) _ll0_ 2O0t lbO b|'Pbl
2qO CAlL RAN|)( r2e lfl ) Ol6tlit

IF( t_/ - .b ) 300_ 300t 320 O|_q9
JO0 X '; L $ X 01_'_U

GO TO 9999 01_'_1

3_O X _ "_C • X 01_ 97
C 01_9_
9")99 RL 1URN 0 I',9",

iN[) 01_95

._UhHLTOlINE RANDI YtLI, IX ) 01_9_.
C 01 _'97
C fills :>LIIIHIIIIIINI CALCIILA|E$ RAN(IUH MJHBIR$ USLO BY lH I- NURRAL OR 01_911
( E _,PI'.NL N1J AL OlSrRlbUT ION 01_99
t 01500

IY _ IX • 6_'_39 01501
IFI IY .L1. 0 1 IY I 2145483607 _, I * IV Ol',t)2

YIL '; IY 0|_0_
YFL _ ._,60661:11-9 # YFL Oi_Ok
IX _ |Y 01%0_

';99'_ kLIUKN OlbO¢,

liMI 01_07
_IJL_HL)ilIIN_PRIN|II NLIRKe ISERCH ) OI_OP

E OI b o 9
1HIS _[II;I_iJLJIINt PRINIS IItE G ]AOLL AND A_r*Ur|AII_D PARAMETER VALUES FiIROISiO

(. 5LAKI IlL _, 01511
L Olbh'

OIHIN.%ION HURKIIIe KIyIILI.))• KOl$II3tZI, IVARI3)• $DI:VI3) 01513

_t'_H_,N /INtlL/ NI'AKM, NStR_II• NtVAL• NIAHL_t N%|klt 15_EU_ !0_11 01_L_
l IIXI'NTt lt'RLNI• IIYPLt OUHI|J)t IIIL 0151_

it)HHIIN /|Nl_,_/ LNI_iI_2_ INLH_3e INDLX_, |NtsLX5• LNLILXbt |NDEX_ O_Slb
t (/SIllN /I tltJl'b/ N[ O(lp OLbIT

II,_HLN /ANt.!I_>/ Ivt bKAI% KaO[)l_. OL_19
[,A1A H.IYI'_ / ,_tlM|NJe _IIHAXI / O]_'U
(_A1A _1_1_1 / "_tl bat _hU.",_le 4IIAN • 411LXPt]e _IININ1e MIIAL / 015_'1
IAIA IVAk / ._tl X • _tlltdl_, *It R / U152_?

L 01'-,2 _
IFI I_IKttt .141. 1 .ilK. II'RINI .NL. 2 I GO TO 20 UIS;'_.

C, Oihtb
L I'R IN1 INIIUI I'AI<AHI |LR_ 01h2_*

HHIILIh. LO00) I_IYI'I IllYPI+II• I Klll$11lelDl._ltlltl'l*3 It lOLe 01!'2_
1 NPARH_ N1AbLt_ N_IAIt NSIRI_II_ NEVALe J$II-D Olb,'_

lOt)U | IIHMAI| //• ! tt_l tA el A4_ IHllM 1_ Ill INb _(IU(_llle• //o 1._b_ 01510
1 eA _e _A4_ II_|_,IKlhUI|ItN !_> Iq INI* U_III_• //t 1.the t)|'_ll
2 *|IlL,HANOI t[ll¢ LI_N_6FKI._NLk et II1_• *;, e• l;10.4 I //t _6_ 01*)_2
t 'NOHII|H IIF PAX._,MIIIlt.% IN I|lt_( li(Itdl• lll_t Ix te Ih• //t lJhOl')3l

4, *Ntlt_tllR Ill I IININI_ IN I)IIIKHINANI IABL| *• II1_ _ me Ib* 01%.l_
b//¢ _b_ONllht_iR Id ||IMLNI.% II_llo Ill (,INLI_AII $1AI1._111_ -t, 16_//01535
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PRAI I /. NHI1NI_Y AIRLRAF I DIVII$1DN VER 07/25/'/7
.%(-.V&NL [ it.. Lv_ _.0 t2.50,O0

o T.t.t_p JMk)tlf_tlM NUMI_EK UF $I'AKCHESOp IB4tp ez ep |6m F/'p U[%3b
1 ))b_ °NHPII_LK Ill IVALLIA|]ON_ tIE UL)EI4M|NAN$ PLK _,EARCri:_ lruo1_37
t_4e I._ 'e|_P lie ]3be et|KSI KANIIIIH NLIM_LReI TU4_e e_ we ZU | Oit,_

t_ 01'.:] 9
L (J l _0

L. PK|NI _,|M_II)AI_[) InIVIA|II)N.% IF PR]NIJN(; AF|EK IACN SFARI:It 015_1
L O 1",'..'

_'O 1_1 IPJ4INI .NL. 2 ) (;tl)0 30 Ol_$
kitl Z_ |-I_NPAKH O|')_t'*
bPIVII9 _. WOK&IIND_X3*I) OIs,,f,

25 t.tIN]lilt.It: LI|',_._
._CIVI.') ; KAIIIIfG # 5ll[Vl2l Ol_,_,l

h_lIlihelOtlk) | IVAK|I)e _DLVI|)e|_'IeNPAKH ) OL%'tt_
lt]Oe eLKHA|| //0 )O_'t °_IANI)ARL) I)EVIAI[LINeI (./e_2XeA_obXeG|5.7) ) t)l')4_

C. 0 l!_:)t*
C PRIN1 (. 1Abtl. ANt) PAKAMLTtK VAIUL*: Ol.'_l
t: OIL,',,'

.It) _llt(_lL10l) |StRt:t! Ol?,-',Jl
lO0| t_d'tklt //t I_'_¢ tH|_>ID, 15 Ut" ltlL DklI:RH|NAN1 _ABLE A_T_II. SkAR_._ep O|_.

I 1_, } 01_,_
wKIlt Io.lOO,') I IVA}_ii)_I_-I.3 ) Ol_,_,

lOd" tc!KH_lq 1/, oX, '1', IX_, 'IltltKNINANI*, 2X, 7(SX_A4,6XI_ / | Ol_b!

t- ;- It LX( WLIRK(LNLILXAeI| • *3 | 015')_
Ah,L.LL - HL)K_.I)tvPt. X_*h t)* RADL'_LG Ol!_bt}
k_llt(b, lOOJ| I_ Wt..K_INt,tX',*I_I, bILIK_IINI,LXbeKI_ ANGLLv Olbbl

1 _LIII)_! INDI Xh_k _','*NT ATOLL) 0 lbt,.'

,,t, t t_hl IN_L Ol_t.s*

I I',D 0 |',hb
tbl_t, lltN LILltAL( IN(I* At It | (,Ih_T
I')_lt h_ltJh All) _ UI_OIt
_£_tt'ltX L'NL_ /LgOt ()lit NAIKIX_ FACIKe OIVSK_ 0_'11_ kXt EXPN| O|'_o_
tt':l_lt'Pi /hA1H, X / NI)I_I¢ IIN_ e /FKtlt DL'Te MA1RlXlbO_bO) t)th'/tl
tt':.tt_t Ictus|NIl hNlKtSt (_UL|LS_ _[t;Nke _ LILIHI(4) UI*_'II

•.t-.q,'_,N /t_t,tthOSI X_UtI_DI,'t',UI_ KI_tlUNII(_UI_ IOCIUNIII_D_OI_ XA_. XOt t_ibl'_
l llf_lh_ I/_I,_X_ XLIN_ KL}M, I/ILIH t)|_lt_

LIn_qNLIN /l_l _.%l / l_ll;q'_| _)o lt!l_ /'It PI 0|_'1_
I IIF*NtxH /h_._t NIl/ I_X(!_til _.ll_l'4

1! - O 0 L_t¢I
1| J INII ._, (1 ) bD |L_ ¥_99 t)p, tl2

t. O|!_H3
t LIIIL_ |HA| lhl tII_KLNI HIIKIIPHUN! |LI{AIII]N 15 SLIF[|[I[NILY RLMUVL|) t)|'.t_
t,. tKtt(_ VktVltI_l_. (q|t_R_.lt'tCtt_L L_,ILA|IHN5 I.IL'_t_!_
( O ) h II t_

(41 I_ L+ |.NL'|M| tlt?,tt|
IFI All+',,(All) - All) ) - XLIM ) r,,e *_e |N IpII_,gU

i.II
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PP.ATT 6 H_11NEY AIRCRAFT DIV|SlON VER 07/25/77
SL.PANLIb.L4 9*0 1Z.50.00

5 IF( A+SI kl2l - THETAI|| ) - THC|M ) |Oe lOe 15 015B¥
10 IFI |HALL .LEo 0 I GO TO 999e 01590

|f| A+_I AI_I - RIll | - RL|N ) 9%98w 99981 15 01591
|b C_NTINUb 0159_

C 0|593
C CALCULATE NUIR CtlARACTER|$11[ E-FUNCTIUN VALUES FUR CURRENT VALUE OF K01594
C 01595

_PRIME m AI3) / B 01596
LALL E_UCALI RpRINEo EHUIltND|HIs ND]R | 01597

C 01598
C _ET UP R L_ NDIM PROM CURRENT VALUES OF X_ Rt AND THEIA 01599
C 01600

UO 20 J=I:NOIR 01601
LXPNI m CMPLXI 0.0, REAL(KX|J) ) _ All) * HflDEIJ) • A|2) )0]602
MATKIXINDIHtJI = EHUIJ_NOIH) • GEXP| EXPNT ) • EXPI -All) # 01603

l AIRAG( _XiJ| ) | Oi_O_
20 CONTINUE 0|605

C 01506
C CALCULATE VALUE OF DE_ERH|NANT Eb_ CURRENT PARAMETERS 01607

C 016QU
FAGT_ • = ONE 01609
bObO I=ItNDIHI 0161U
FACTR a - 4 HAIREXINOIRIII • CQN_4 MAIRERiEeli I I 01611

1 CABS(MATRIXIItI) ) •• 2 ) • FACTR 01612
DIVSR = - MATKIX(ItI) • GUNJGI MATRIX{NDIMtl) ) / 01613

CAuSl HAIRIXENDIH_|| ) •t 2 0161_
MATRIXINDIMtI| = ZERO Olb|b
JJ = I �I01615
DU _0 J_JJINOIH O|6L?
MArKIXINDIMtJ) = MATRIXIItJ) + DIVSR • RATRIXINOIHIJ) 01618

bO CONTINUE 01619
60 GDNIINUc 01620

C t 01621'
_L|1 z MATRIXINDIHpNO|M| • FACTR • DET 01622
UETLAL _ tArSI DETT ) 0152_

GO _O 9999 0162_
_9_ IE _ I 01625
9999 kETURN 01626

E_O 0|62¥
t_V_ AbUVb ACTION SA|ISFACTDR|LY COMPLETED •_t_r_

(, I
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APPENDIX C
MICROPHONE LOCATION PROGRAM

SAMPLE CASE
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